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APTER 6
dditional Topics in Trigonometry

Section 6.1 Law of Sines

B IFABC is any obligue triangle with sides a, b, and « then the Law of Sines says

u b e

sinA  sin# sin (0
B You should be able 1o ase the Law of Sines 1o sotve an oblique siangle for the remaining three parts, given:
(ay Two angles and any side (AAS or ASAS

thy Two sides and an angle opposite one of them (S5A)

P A s seute and B o= bsin A
(8) @ < A nonangle is possible,
(bYy w = hora 2 b, one riangle is possibie,

{©y b = a < b, two riangles are possible.
2. HA s obtuse and £ = bsin A:
{ala < b, no wiapgle 18 possible.
{by u > b, one triangle is possibic.
B The area of any iriangle squals one-half the product of the lengths of two sides dmes the sine of therr
meluded angle.

H . .
sabsin & = sacsn B =

Y

‘neabulary Check
4

L obligue

3 iay Two, any: AASASA 4, ,;fch' sy Al

| ‘
-7-@!”:: s ) AC SR B

(b Twor an opposite; 554

b, Givenr A ==

2. Given: A = 357

) ot e e I N
I sin G5 = 28 29 in, ¢ o= e lagn U
s A

466
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Section 6.1 Low of Siney

L

&

A Given: Bo= 1570 = 125% ¢ = 20 & Cven: B = 407, U= 1HF, ¢ = 30

A= 180~ 150 - 125° = 40° A = 1R0° — 40° — 110° = 30°

‘ 30

& -
[T —— 44.‘“3 f?:i T

~{sin 307

g o —— {sin A} =

s gin £ sin FIG°

LT

Given: A = 30715, B =283, b= 24
O LR - BOS IS - 257 A = 74T Y
b

L1 -m“ﬁ*{uﬁp’z ’ﬁ] L e
s B

Ur’j&f’j’"‘f”,‘(f’,\:ﬂ% 001571 = 641 km
30

KS;B /1 E = {’32{} %Q??é

L Given: A = BRT 3R B o= 72045, b o= 5042

T RO - 887357~ 220457 = 68° 40

& 5.2 S
g m ~{gin A} = ----wwww;w_*; sin 887 357} == 12977 vd
wn H s 227 4 ’

40} = 120,97 vd

L (ven: A = WS a = 80h = 5

, bsin A 5 ain{36% . ‘ .
sine B o= Lj,i e (3 META e Hoe D1

< 1149

L Crverns A = 8P g o= G o o= 10

csin A £ " N . -
sin e = S0A IO gy s ¢ 742 or C e 105.8°

Coge [ Case 2

B =180 — A — € = 458° B = I180° = A —~ (= [42°

sin A

L Given: A = 1024°, 0 = 167 a2 = 216

B LRS- A - 0= 1800 - 10247 - 1070 = 6050

“"{am UG = 1837

~~~~~ = .76

= 15.96 ft

------ AT R



468  Chaprer 6 Additional Topics in Trigonometry
B Given: A4 = 243°,( = 346° ¢ = 2.68
= (R - A4 — O = 101.4°
{ ) = 2 a8 si 24.3° 35
mn e { gy e TR G S
“ sin L sin 54.6°
Is . 2. 68 'm‘s 110
b= ~{sin B e 2z 3 D%
’ sim O sin B) = gifl 54.6‘
11 Given 4 = 110°187, a = 48, b = 16
I A }L€ sin 110 i‘%’
sin g = 258 sin UL ~ 031273 = B = 18° {3/
d 48
o 1807 - A — B IB0° - VHP IS - 18V 13 = 517377
Lsin O) B n51°327) = 40.06
S — };3 T e =
‘ s A o ap 3 10° 1‘%’ i SR
12, Given B =145 h =62, ¢c+= 58
o csn B 5B un 048 . . s -
sin . = i w4488 s (o= 287727 347}
b 6.2
A= 1R0P - B - o= 174.687(174% 417
B . ézqm 174% 417
= e {1 A A e = 11,97
“ sin B Ay = sip 27 4587
1% Given: A = 11605 0= 1256 = 10
. f;}smﬁ 100 s 110 N .
sip B == = (3TARVTS = B = 48747
I 125
£ o= THDT - 7 e 31 26°
125 si 21, 25}
o = (sin () = i e 4R 73
sin gin L1OF
B4, Givens A = 1P, g = 125 b = 200 18, Given A = 76% ¢ = 18, b = 20
A obtuse and o < b o= Nosolution Gn B = b sin A 2(} sin 767 - 1078
b7 18
Moy soedafion
16 Given: A = 76" g = 34 b = 21

BsinA 21 sin 76°
sin B = == L 05993 = B~ 36

O o= 18— 767 — 368" = 6727

%4
PR p——— T — ET 0% == 30 %
‘ an A sift i 7 - sin 872 230
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o bsinA 1288 38
e e

Given: A = 58°% 4 = 45 b = 128 19, Area = Subsin ¢

@« ko= bsin 58° LB 10} sind 1107)

4.5 « 186 squEre nnis

N sodution

Area = Sgesin B 21, Area =

£ ”\fi} A 22; A = f;h }S’; }} .i‘g oo P

ASTHAS) sin{387 457

= L0571 square units & SuATE BIHs

Arga = o sin B 34, Area = 4

{H3H58) 3

LAt

tdpem

e ZEES .6 square unity

6. {8}

- HRERT e ST T tor 61° 107

sin 611

o

o




47 Chapter 6 Additional Topics in Trigonomeiry
5 {467 ‘ .
27, sina = 308 L S0SGE) 4 g0 8. Given: A = 74° — 28° = 46°,
E T
= 1B0° — 41° — 14° = 65%, ¢ = 1)
= 29.97° ‘
» . s O = EB0° — 467 — 657 = a9°
LACED = 9 — 2997 = &
. . 1.4
Bearing: 5§ 607 W or (2467 in plare navigation) a ;;1& {;:"(%H = sin 60° {sin 46°) = 77 meters
(
E A
1 \”’ ] \:&"‘“\ &
; \/M
/’ ;'""" ri-f7> % , fan B
A I g 5
\‘\.\‘M?“
&
3%, {a) 34 (&
ks :/ i
- .. Nt deatvens 1) seia

LA = 200 B o= O0F 4+ 637 = 537

3000 sinf1/2(180° ~ 409]

by e .
(b} 7 sin 400

(cy 5= w( wéwé;f&”%s%% 1= 306180 feet
LACD = 65
LADC = 18(° — 65 — 15° = 100°

- TOO7 = B

LB = LRS- BOY - T = 3P

& \
g = ———dsip A} = ~————{sin 15%) = 15.53 km

%
sinB 1 30°

m};{}_ﬁ {sim 135%) ~ 42.43 lun

b, .
& e B{sm Oy o= et

180° — 20° — 153° =

™y
it

b o= W”’"‘"“"’(‘y’n 8,} = = 931

sin £ S

d == bsip A =~ 931 sin 20° = 3.7 miles

438571 feer

N
sin 17.5°

gin 1.3°

x 5= 119,289 1261 feet == 22.6 miles

(e z -t
Y n 712 sin 90
v o= gsin 7127 = 119 289 1261 sin 71.2°
== 112,924 963 teet =~ 214 miles

(b 7= 1192891761 gin 1887 = 38 447 8 feet

(i Stationd

{Pine Knobj
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Section 6.1

Law of Siney

471

34, (2 (b Third angle n triangle = o
G IR — o=

o Z

Zsin #
sinfgh — #

2sin #

o e

S ow

3o(a) sma = 545 ey &+ B+ 00 +
-

d =g G o
] f Lsin

H“ﬁ:}p feemin iy S

3367

= sin(84.64° ~ 8

IR = = 8464°

-4

56°

465"

6

21 63E

43,3

281

iy 2. 2 3836 (d)
W G B il I BTSN P70
£ ;
IS W owin E{fii%}“(g fj il eid o

5836 ]

A6, (a)

arcsinl(LS sin &)

0.5 sin 3 e T el

{cy R T - f e gresin(0.5 sin 4

{dy =

I 3

8if Y

18 sin vy
¢ ke

sin fd °
B - aresindD5 sin B

sin A

33 fm{ o

{e}

4 (2.8 1.2 2.0 Z4

(r.484%

o D DVIOEG ) 03669 (L5234 | Q4TI 1 1.3445

o 12595 12347 1919 E533 12.29 1 1031

37, False. I just the three angles are known, the
triangie cannot be solved.

Pomaing G« o

Range: 0« a7

Diomainy 0« Ba g

Range: 9 <o« 27

As B—20, 027,

A B>, ¢ -39

38, True. No angle could be 907

’

/&

i



472 Chaprer 6 Addirional Topics in Trigonometry

39, Yes, the Law of Sines can be used to solve a right 4. Answers will vary. A = 36", a =35
triangle if you are given at least one side and one

‘ . {a} b = 4 one solotion
angle, or two sides.

) b= 7 wwosolutions [£ = bsind < a < b]

41, Civen: A = 45° B = 52°, 0= 16 42, Given: 4 = 42° B = 60, a = 24
O o= 1807~ 457 — §2° = 83° C = 180" — 42° — 607 = T8°

Qoo B e o - S . SR SRR,
b= Sm&(mn By = g %Cfsm 527} e 1783 b o= P {sin B} = = 420{3111 ) = 3106

& ‘ ig . . ol 24
s = =L (sin Cf = ——(sin 83°) = 22.46 =P (i ) = (sin 78°) ~ 35.
¢=— {sin 7 gyl K3} e 30 4G ¢= A(am £} T o TE} = 35 08

F e

o+ b s;én{m ) w g wsg*,‘}——) {a — &) cc}s(%} = sm(/igwﬁJ

33\ f‘é} oo Ef}o\ oY Fass gl
(16 + 17.83)si| ;%) = 22,46 cos| 2L i a2 80

5 1} (24 — 31.06} CGS("‘ 5 ) ~ 35,08 sin| ---mmgww)

4 ] k3
\ < L& %

Y247 = 72.47 - 549 = ~549

sin # 12 Y
4% 11 o T e e - N -
3, tan 6 o B : 44, cot 8 5

13 e 2285
5 . JEE 853

L 3 cos @ == cat § - gin @
col § = f’; :
T - 985

(2=
AL L /2% 85

45. 6 sin 86cos 36 = 6151 in(88 + 36} + sin{86 — 361 = 3sin 116 + sin 56)

46. 7 cos THcos 58 = Z(%l}{ﬁ:os{iﬁ — 6 + cosi2f + 58] = cos 38 b cos 78

47, 3 cos ;szr |

t

30 [y 3wy
‘*”’zfm{-\__ < i sm{ 2,—“

!
i

T T T T 1 G Sy Ay Fatd
48, E sin _:1‘_“ §iTE *{;; = § . Z{LM( ] cq}s(\‘ff: P = H

€ Houghton Miffin Company. All rights reserved.
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Section 6.2 Law of Cosines

473

Section 6.2 Law of Cosines

B

HABC is any oblique triangle with sides a b, and ¢, then the Law of Costnes says:

{8y 0 = B % o7 - Zhocos A o

{h}‘ B gt + {': — Zaccos B oor

(o) o =g b B pboos O or

Zab
Your shoudd be able to use the Law of Cosines 1o solve sy oblique miangle for the remaiming three parts, ¢

iay Three sides (585}

by Two sides and their incladed angle £5AS)

Giiven any iriangle with sides of leagths o b, and ¢, the

Aren = Jsts o ajl

YVocabulary Check

gt o B e Dahcos O Z Heron's Area

;,);?. . r,,*3 g PEE E?‘i;?‘ i

s A - = (},7"";€§L}‘—1 wry A ‘%‘{}8{}\'

The 26

Tt
)
a4
e

A =

3 Giv

GOS

8iR

O TR0 - 5EAG7 - 48510

ey

S DYISY = A = 2074

- (807 - 32.09° ~ 20.74

e g 88 b= 9d o= (08

P Ed gt 92 108 -8
‘ ke He2HI04;

= A s 49517

5 - bsin A 9.2sin49.51°

a #.5

RIS = B == 5540°

TEOE
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L CHven: g = 42, b= 54, 0= 31

a2+ bt 4204 547 - 2.7

08 C = - . ~ (5345w O = 20.85°
cos Tab 24254} = ?
dn C 4.2 sin 20.8°
Gna = 2S00 “f; B 07107 = A = 45387
[ .

B o= 1807 — 20.85% — 4538 = 1377

8 Given a =10, ¢ = 15, B = 3¢
P gt b e e Daecos B o= 100 - 225 — JOHOMIS) cos 2P = 430922 = b = 656 mm
B P — gt A30922 4 225 — 100
cos A = g a2 es ~ OR54] =5 A = 31 40°
The 26.56)(15)

€= 180° — 207 — 31.40° = j128.60°

bE = gt 4+ o7 - Dge cos B o 256 0 100 - Z20I6)(107 cos 40° = 1108638 =2 b = 10,5293 = 10.53 km

G4 B— P 2% + 110.8658 ~ 100
cos € = ~ : e T920 = O = 37627
o b 2H16)(10.53) i

A = 1BO° — 40P — 37.62° = 102.38°

L Given: o = 1604, ¢ = 125, B = 50°3) = 305°

b= e

P+t =t 990297 4 125 - 1047
Zhe 29.95)(12.5)

— Zaccos B o= 1047 + 1257 — 2010.45(12.5) cos B0.5° = G00797 = b == 095 f

s (15014 = A = 53757 = 537437

. Oiven: g = 202, ¢ = 62, B 807437 = ROTS

Blw g + ¢? — Jaccos B o= 2027 + &27 — UIOIHE 2 cos 80T = 4062172 = b = 20.15 miles

2 b ot 00 4 AD621TE — 620 ,
O A s e 2 N ~ (.9508 w=» C == 17.68° = 17°41"
2ab 2309126157
A~ 180° — 17.68° — BO.T5° = R1.57° = 81734/

L Givens a= 6, b & oo 12

b4 - g 64 b 144 - 36

ros A = = e e [} ROSH = A == 26.4°
cos T W17 (.89 =3
. bsind Hsin264° , e
sin B o= = G == EG7R = B 3630
a

Coe= 1807 ~ 264° ~ 36,3 = 117.3°

© Hougion Mititin Company. Al righis resarved.
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Section 6.2 Law of Cosines

475

4.

il

13

P4

i5,

Givenma = 9,5 = 3, ¢ = 1]
B+ e gt 34112 - R
wey Fe E - . emz Y @24 [ A E r}_r:
cos A T 0T 0.7 = 2
ey R S AR VA .
s = TEE 2 T F I st e o~ 12500

Zaks IC) )

Giver: A = 307, b = 15 ¢ = 30

at = B2k ot = Jbeeps A = 205 4 GO0 - 2005M30) cos 30F = 54649 = g - 7338
gt b ot — B 84649 + 900 - IS .

o5 B = ~ . ~ 08708 = B~ 204°

s B e (23 4(30) ORTOE = B =264

C = 180° ~ A — B = 180° — 50° — 29.5° = [0 8°

O MBS e e 10h = T

cf et b b Zabeos €= WE 4 T - HI0UTY cos 108 = 1929624 wm o o= 130

sin B = =—p = = jgg (7} = 04789 = B =~ 287

A= 1800 — 108° — 2870 = 433°

Given: a =9, b= 12, ¢ = {5
a? b - ot R+ 144 — 225
oy {: e e " N = {} e (j £ 9&0
s b 200%17) =
. 3 N
sin A4 = §§ == g s A s 354
B o= 180° ~ 90° — 369° = 53.1°
Given: g = 45, b = 30, 0 = 72
i
o5 (= = ‘ == [ RABT me o= [4K8°
o8 € ok 3(451030) 9.8 =
a2 = B 45 T = 3 .
% 8o = e wa (39736 = == J37
Cos S SAS0T) G736 = B

Ao 1BOP - B o O 2P

Given: a = 754, b = 48, ¢ = 4§

PP+ % =t 48+ 48t — 7547
She 2{48)(48}

bsimA 48 sin {103.57)
a 75.4

o= B == 382° (Because of roundoff error, A + B + O = 1RBO°)

cos A = me e (3740 e 4 o= 103 5%

sin # = = 6190 = B = 3872°
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16, Given: g = 142, 6 = 378, ¢ = 125

B+ o - gt {0755 + (1257 — (1.42)°
Ihe FOTEHT 24)
Do e B2 (1A 4 (1257 - (0758
cos B = 2% o AT OB = BT (eagr o B~ 318
T 2(1.42¥1 .25}

180° — 8677 — 31.8" = §1.5°

= 05792 = A = 86.7°

cos A e

17, Given: B = 87158 = 825, a = 16, c = 18
Bo= gt w00 o Paccos Boe 0678 - 187 — 2026Y18) caslB 257} = T3.686F = b~ 858

iy = 3 5% m= 033 = == (78517 = 1731

A= BEO0 = B o e VRO - RIS - 17510 = 154.24° = 1547 147

IR, Chiven: B = 538 = 10885, g = 40, 0 = 30
B o gt ok o? ~ Zoccos Boe 140R268 =2 b= 1187

. asin B , o
sir A = WW};W" = 3618 == 4 == 141.75% =~ 141" 45/

C= 180 — A — B = 2767 or Z7740°

19, Given: B = 757207 = T333% a =62, c =485 2 Given: € = 15157 = 18.358% 2 = 628, b = 215

2z 3 &

B e gt 4 ot Zoccos B : ¢ =gt e B dabcos ©
= 620 + 957 ~ 2(6.2)(9.5) cos(75.337) = 6,258 4+ 215 - 2H6.25)2. 15} cos 15.25°
= G4 R4 w17 7RG mmy oome 471

b= 594 | i p =252 C

T EE I B
4

p 394 o (L1347 = B 7710 s 7 437

~ (19246 = C =~ 67.6° A= 1807~ B = O~ 157.04° ~ 1572

2E 4% = 47+ 82— J{AHE cos 30

= 3457w d = 450

Y = J60° — 28 = o= 150°

o= R 8 DUANRY cos 1507~ 13543

Lo ot = 287 4 357 - 2(283(35Y cos 1207 = 2725 = ¢ = 520
26 = WAF — 20205, = 1P = gow 6

€ Houghton Mitin Company. Alt righis reserved.
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Section 0.2 Law of Cosines 477

107 & 147 — 38
23 conp = -~

H10¥(14)
B = 111.8°
26 = 360° — 2{111.80°)
G = 68.2°

4% = 107 ¢ 148 - 2010314} cos 68.2°

‘S uﬁ
2
I i :‘f Hi
AV
S

153 4 1257 — H¥

I8 cos o=

2155 12.5)
152 4 107~ 12.52
cos @ = T L (15625 = = 5577
L8 215310 625 = B
5= 180° ~ 41.41° — 55.77° = %2.80°

po= 180° — & =~ 97.18°

=07% = o= 4141

b2 12,50+ 102 — 2(12.5)(10) cos{97.18%) = 287.50
b= 1696
-0 gin g~ 585 o= o= 3580
§it e == 16 96 i 29 SHE 23]
2 o e ﬁ_ P {} 7;2 ,,,,,,,,,,, 5 e ivfc‘,
Sin & 16.96 Bire fL L e e
b= o+ o= 770 b |

fi /'L/!

G = [+ = 1028

/ 10\ »f / ;
If 3 /“ \u ;/
/: // N /

@«
- H
s o]

2T Given: g = (2, b =14, 0 = 1§

Ares = Jsls — aly — b}y — ¢}
= J/27015){3](9)
= 104.57 square inches

2 g PO B L
. 08 o —— 5 ey =2 pRRE Y
(éi?;(éé)* 4
2 = 360 - {134.5% = 1581° =2 o= 755

ot = 407 + 607 — Z{(4D0)(80) cos 7557 = 4000

o 6325

24, cos o =

o s 685137
,@ e JRG o= LIGA8T0

“““ = 1750 25 - 20175025  cos 104RT
g~ 3518

= 180 — 2o =~ 40974

D5 3K PRE - 1742
225)35.18)

0% e T

28, Given; g = 25, b = 35, ¢ = 37
c fr o
5 = E—““;—mm--—-f e ﬁé

= J46(21H 11514

== 38570 square meters
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it

PO Given: g = 5,86 = R0 o= 16 36, 5

Apeg =

32, Gwens g = 24, b = 275, ¢ = 225

Area = \,(’{3 t{;}{‘g = 3}}{‘; (V‘:? = {}}{i - 53{5 " {'f;l

AT 2300021 29) = /371 3H0.65Y 1 .45)

= (327 square foet == 7 37 square centimeters

33, Given: g = 35, b = 1032, ¢ = ¢ 34, Given: g = 754, b = 52, ¢ = 52

[
LA

[

Arew = Joly — afs — bis — o) Arvea = iy — alls — By ~ ¢}

= 1LAS(TRSH1.1502.35) = RO AT THETT)

=[5 57 square units == 1350y square units

3%, 36, 5o - et - = 465

Area = ey - ails — Bits — o)

= SAASOTHT YT A5

w7 YT gousnre units

-
73
&
£
@
i@
&
#
[543
23

B gt o - Zae o cos B

bowe 1387 ® miles

Frangtin
Frowm the Law of Sines:
o b 7 BAR

;} =y osin A = ;»m E == Hmf%”??g sinl 137

= {3, 32548

Houghton Mifflin Company. A

sEt A

2

@

= A e 197 = Bearing § 36° W (or 2367 for airplane navigation}
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Section 6.2 Law of Cosines

479

38,

39,

44,

47,

43,

 §

Angle at B = 180° — 80° = 100°

BN
B
B2 = 2407 + 3807 — 2{240)(380) cos HOO° 20 /\w

== 7336734 = b == 483 4 meters . S,

' B 15007 + 36007 — 28007 0.6824 = B = 46.97° i
LGS B : N - BN e S
I ISO0H 3600 vt
o &

Hearing at B 90° ~ 46.97% N43OPE I % “““ " 2800 meters

- 15002 + 28067 — 36007 0.3417 ¢~ 10968 o
WAL e - — i 9 W T3 4 e =} JGET e
e 2(1560)(2800) oo s

Bearing at O O — (807 — 46977 = 66,95°
S6695°E

cos B e el e (060417 4. ©
H2HZ

7
72

it

FROP — §3° — 67° = 60°
ot =gt 4 B Zabeos ©
= 367 4 487 — 2{36HARKHO5) = 1872

¢ == 433 m N

The angles at the base of the wower are 96° and 84°, The fonger guy wire g, is given by:

gyt 1B 1007 — H{TSHI00) cos 96° = 17,1929 = g, w1311 feet

FS= JE 4+ 10 = J164 = 2./41 =~ 12.8 feet 4. A = LRO° — 40° — WP = 120° oo

T{QS}‘S»
DU v T e {sin 207}, ErANG
PG = -/16> + 17 = ;;Jé%& = &G = 44 feet x = 0%{;{}} AN

- - ‘ Lo /
i = 345 feet

0 1
tap P = — Ry
P = 10 7/

5 ‘
P = arctan % w37 0F 2

i

= VB 4+ G4 — 2{85(9.47 cos 32°
=~ /2481 = 50 feet

L
e
il

a+ b +c 145 4+ 357 + 760

5 5 w146 46. The height is A = 70 sin 70" =~ 63 774,

Ages == hase » height

Ares = Jsly — afls ~ Bz ~ ¢}
TR = (100H65.778) = 65778 square meters
= JI46020T(R9)(56) = 18.617.7 square feet (100)(65.778) ¥ square meters
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47, (ay TP = 1A - 213Mx)cos 6 (b} - Gxeos #= 4675

Y o 17
o Bxcos 6+ (ﬁ?—{j} = 46.75 + i

[3cos 8y

)

4% = 235 4 ¥t Ay cos &

Z

~ -~ L 3 cos 3}3 187 Yoosté
2 g e i s i e —
4 4

N SR . 3eos§ /187 < Gcos? ¢
* - \/ p
{dy Note that x = 8.5 when 8 = 0 and
G = T, and x = 55 when 8 = 1
Thus, the distance s

Choosing the positive values of x. we have

y S
x=3cos b+ SOt + 18T L
285 — 5.5) = 2(3) = 6 inches. 2

48, {ay 42 = WP+ T - 21T cos B == J = J149 — 140cos 8
. [167 + 77 — & 149 — o7
(b # = arceosi o EAELQS] mr——e
L 201047y ‘, .
360° - 6, (360° = H)w

irh P R 2 o e
) 5= gy e 45°

o
D gachesy | o |0 |12 |13 |14 |15 |16

8 (degrees) | 60.9° | 69.57 | 83.0° | 9827 | 109.6° | 12297 | 139.8°
§inchesy | 20088 1 20028 | 1899 1 1828 | 1748 | 1655 | 1537

449, False. This is nof & wiangle! 5+ 10 <« 16 6. True. The third side 13 found by the Law of Cosines.
The other angles are determined by the Law of Sines,

. I I a+h e
1. Falee, s = . ot i

b 4ot g

| P
2. -;hz:{} +ooos Al o= -:;F}{fg I+

P

= ;i{b + o)+ afith + o) = al = 2{{: b+ eHa b e

o htetg bt e-a fa-b e { a+ by

I o2 2

¢

a+ b e —g+ b+
5 5

T

cosA  cosB  cosC Wit —at A+ B @b -

5. . b ¢ al2bc) N B2 - el2aks

gt i B A ot

Tabe

@ Houghton Mitlin Company. All dghts resarved.
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55. Since 0 < € « 180°, cos %’} \/ Iioes¢

Hence, m%( %) = \/ Lt e 5}2 )/ 2at) -

b A

On the other hand,

i . i
sl — o = E(a + &+ z,‘}{ %{_c‘z S ng

I N .
= ‘Zf(fii + bt 6.?}:};{&'1 b e

} s — ¢} gt o+ B Zab - ] .
Thus, -\/‘:‘”“‘w} = \/ and we have verified that cosl =
b dab A

56. Since 0 < € < 180°, qm{%} = \/Z}“ <

\/ P —la* + 8% = 3/ Qaby
- 2 —

‘ g
(g = gis — b} = {W{:‘z + by oa g -
i iR

o
Hence, smt\*z-“) e

O the other hand,

i i
=fh 4+ ¢ — aj—{a -+ e b
Z pi

I : .
= Jle—la—ofe+ (@~ v

= i{a“ - {a — b¥¥}

b

y ot = B+ Zab).

(o a)s ~ ) _

Thus,

57. Given: a = 12, b = 30, A = 20°
o = b+ ¢ — 2hecos A
P2 30 4 ot 2303} cos 2P
e~ (Bloos 2000 + 756 = O
Sobving this guadratic equation, ¢ = 21,97, 34.41.

—CONTINUED—

\/ - gt — B Dk
ab ' doh i

e

N e
dab -

\/ Zab — o - b1 4 of
4ab ’
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Y. e SN TR D

Zaae

C o= 1807 - 58.8° ~ 20° = 101.2°,

- . - . bsinA Hisin 20° o s s o
{sing the Law of Bines, sin & = 9 mn GRE5E = Bome SEE or 1120
&

For B = 5887, w 180% — 5887 - 207 = 10727 and = 34 47

For B o= 12029 C = J80% - 12027 — 207 = 38.8% and ¢ = - = 3148

Loy
i

Answers will vary, The Law of Cosinés can be wsed to solve the single-solution
354, It cannot be used for the no-solation case.

CEAsLr O

G, grosini— 1) =

=i & ocosT o= 5

i
- hecanse tanl ;

=L &2, arcsi

Section 6.3 Yectors in the Plane

B A vector v is the collecton of all directed tine segrents that are equavalent (o a given directed line
went PO

B You should be able to geomarrically perform the operations of vector addition and scalar multiplication.

B The component form of the vector with initial point # = {( p,, p,) and terminal poeint 0 = Gy, g} 18
i B P P2 [ Gy G

PO =g, = pa, = p) =

B The magninnde of v = (v, vy is given by

®

B You should know the following properties of veotor addition and scalar muhtiplication.

Byutvy=v ity b1 (u + vl +wo=a b (v ow)

(dy g+ {-u) =8
Yy {o + dis = cu + da
ooy hy Hay = e dn = §

e O TN E R

Yoy shoubd be able o perform the operations of sealar multiplication and vector addition in component form.

© Houghton Mifflin Company. All rights reserved,
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Section 6.3

Vectors in the Plone

483

Section 6.3 —CONTINUED.

B A upit vector in the direction of v 18 given by u =

B

.

B The standard untt vectors are b = (3, D and = 0, Ly = iy

A vector v with magnitude | v and divection # can be written as v =

Yocabulary Check
i, directed hine segment
4. vector

T. multiplicadon, additon

2. bninsl, terminal

A standard position

e

. resuitant

Lapb

. magnitads

f. U VEQIoT
Ei

%, Dinear combination. horizomal, vertical

Irdtial podne (G O}

2

Terminal powt: (&, 3

g T

i1

. Inittal poine: {2, 23

Terminal points {

b

fnitial point: {3, — 2}
Terminal point: (3, 3}

4. Imitial point

i

Terminal point: (4, — 2]

v o (4 - (3 =D - 0Oy = {4 75
------ 25 = 447

[ '

inftial pomnt; {—1, — 1}

Terminal potat: (3,5

Iizal point (4, ~ 1}

Terminal point; i3, - 1)

Imstead point: 13,

. . . I
Terminal potntr 10,

&l
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. . 2
1. imatiad point ( T

1)
J

7. u + 2v

:J!ZE
§
\
M’\q

2.

24,

ra v

5
12, Trutial point: (\5 w-2)

{ 2 o (
¥ o= ;E - W'-;; - \7"““;?/_"""‘ \,__,’M

o {3212y 3.8 |
| = e Ao Lo E e g W
il \[ 2) ( 5/ T

15, u b v 6 g - v

¥ ¥
@
o
/
By :
T , i
',’ fﬁ‘ 4’( ;f.
/ ) ;
' S
; . Z
. (}r ~ Fe
e /
LI ;
. .
w k3
1%, 28,
o %
./¢
o v
- . #
y ¢
L W
% gy iy
\ Fu
T
e
.
P A
Tgyi £ g
: -
¥ x

g

2E w o= {4, 2 v = {7 1
fayw+ v= (1.3

brw - v={~31)

(¢} Zu — 3y = {8 4y — {21, %y = (=13 1}
dy v+ du = (7,1 + (16,8 = (23, %

@ Houghton Miffiin Company. All rghts reserved,
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W (aym by =5+ {-40 =053

(e} 7w — 3v = 2(5 3%

(dy v oAb de o (-4 0 4 A8 3 = (16,10

Sy kv (0 -5 (23,9) = (~3,4)

() v = (3~ 14

(o) 2w~ 3w = {0, - 10) = (—=9,27) = (%, — 37}

Yy v b o o= (3,0 R 0 20 = (-3, 1D

{{f} y ook dgy o T o— ‘}’F

LW =Y 3. v w - u

e 0 = 6

Unit vector {f@ Gy = (Lt
4

S0, -2) = (0,

Linit vecton ff 3, el

4 v = (8, — 20}

Unit veotor:

2T = {6, ~ 8y v = (2,4
{ay w +w = (-4 ~4;

byw—v=(—4 —~12)

(¢) 20— v = (=12,

28, g == § 4§, v o= 2E - 3

(o) 2u — v = (3

(Y v ¢ de o= (28~ 35+ {41 4 45 = 6

4. 2w

5
.
i

(@) v+ du= (2,8 + 46 -8)

39, ] = l(-24, — 7| = S~ 24

Unit vector: 53— 24, = 7)

N
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42 w =i - 2§

e ,.._n.__nﬂg__‘___{* TS R Eﬁ it ?*} \3 1
™ AV ey ) IV T

T i ) : Py SR 1 "
45, 8(““&} = g("j;{—;-“;“gg(i 6)} 46, v = 3(%ﬂ/} 47. 75\&@&} = 7(:/-Tﬁ(14}>

g | i \ 7
= (5, 6) Y (R Sy - = 23,4
T %{-VW{——@& /) :

_ (4061 4861 (-

53 B 9

'J
[m
% r
RES
|
et
N
)

48. v = 10} ;f:;-m 49. 8l = g( L(-7,0) ) 59, v = 4 \%?i.ﬁﬂ)
B 81t ; ) Ul

= 0] (D, 3 ] - = 44 (0. 5)
{Jé + G ;J e (8,09 {5 ’?j
[20 30 = (0.4) = 4§

EENG )

ERE

8w = {4 — (=3}, 5 — 1y = {74y = Ti + 4} B3 (3~ 0.6 ~ {~2)y = {(3.8) = 3 + 8

5

o

%
i

= {2 (=~ 1} 3~ (=5} = (3.8} = 31 + 8§} B4, 0 {611 — 4y = {6, -3 = 8- 3

. 7 " .
6. v = 3w 7. v = u + 2w

i
b
R
i
=1
i

T

= 32 — §) = 3t — 3} = 2(1.2) = (2i — §) + 26 + 2
= {3, -3 = (3% — 4+ 3= 4

& Houghten Mifflin Company. All rights reservad.



@ Houghton Miffin Company, Al fights reserved.

Section 6.3 Vectors in the Plane 487

&1, v = S{gos WCF + sin 307°)

§ = 30°

tan H o=

Simee v Hes in Quadrant 1, 8

7. v = (Feos ¥, 3 sin 07

= {3, 05

69. v = (3.2 cos 1507, 3 /7 sin 150°,

[ 3763

58, ¢ =

£8, v = ooy 457, sin 457y

¢ = 357

. o

3 “ﬂ:i
L ’
B
.,
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T v ==

_me . ’%\/3—{} . v
e T w‘ﬁ---rr»--«}
5 5
(10 3/10) '

LA

e [5530
@ = (5 cos 60°, 5 sin 60°) = { St

b2
B ]

{Seos WY, Ssin WY = {5

/5 5.3\
'z\ 5 .

E 5
e {6 &Y = Lo Lo S
5 /% (4, 5 (2% i 2\,3}

[T

-~k
£y
s

u = (30 cos 45°, 20 sin 45°) = (102, 102}

(50 cos 150°, 50 sin 150°) = {—25./3, 25)
253,102 + 25)

CO% =

7. v =3l

It b g
s

il
i
PN
Ll
e
o
iy
Eed

P
NN
g
HE]
S

<
il

{2 coe 30°, 7 sin 307

i

{2 eos 90°, 7 am 907 = (

o
o]
S

= {35 coe 35°%, 35 3in 28%) = (31.72, 1499
- (50 cos 120°, 50 sin 120 =
= {672, SR.09)

(95 25./3)

X F el

® Houghton Miffin Company. All rights raserved.
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Section 6.3 Vectars in the Plane 488

74, w o= 400 cos 25 -+ 400 sin 25%
v == 300 cos 70% -+ 300 ein 70°%

w b v == 46531051 + 450.96)

p + il = {465.13)7 + {45096} =~ 647.853

'45{‘%.96‘;; R
e = mrotan; —— - A B4
465,13/

80. Analytically: v = 400{cos 257, sin 25%)
u = 00¢cos 135% sin 1357
u + v o= (15039, 381.18)

-+ vl = 40977

8t Force Oner u = 451
Force Two v = 6l cos &1 + 60 sin 8]

Resultant Foree: w + v = {45 + 60 cos 81 + 60 sin 6

fa + vl = /45 + 60 cos 8 + (60 sin 87 = 90
P25 - 5400 cos & + 3600 = 8100
3400 cos 8§ = 2475
cos § = B2 = (.4583

§=62.7°

82, Foroe One: w o= 30000
Force Two: v = 106 cos 81 + 1000 sin 8]

Resultant Force: w + v = (3000 + 1000 cos 8F + 1000 sin 6§

- JTI000 + 1000 cos 6)° + (1000 sin 81 = 3750
G GO0000 + 6,000,000 cos & + 1000000

e+ o

it

e A e o

6

¥

14,062, 500

6,000,000 cas 8 = 4062, 500

REL L
COvs e me— G52 §
o8 u T Laooon

g o 4747

83, Horizontal component of velocity: 70 cos 407 = 53.62 fi/sec

Vertical component of velocity: 70 sin 40° =~ 45.0 ft/sec

84. Horizonial component of velocity, 1200 cos 47 = 1197.1 fi/sec

Vertical component of velocity: 1200 sin 47 =~ 837 fv/sec
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85. Rope AC: u = 10§ — 24§
The vector lies in Quadrant IV and its reference angle is amtam{%},
w = icm(amiaﬁ 25— sinfarctan If}gi
Rope BT v = —20i ~ 24j
The vector Hes in Quadrant T and its reference angle is arctaﬁ(%}"
¥ = Egviiffcm(drum 5}; — sinfarctan };E
Resaltant: & + v = ~ 50004
lal coslarcian 2} ~ jv] coslarctan 2} = 0
~ful sin(arcian 2} ~ ] sinlarctan 8} = — 5000
Solving this system of equations vields:
T = il = 36111 pounds

Tor = ¥l = 2169.5 pounds

§6. Left cable: u = llufl{cos 155.7°1 + sin 15574

Right cable: v = |vl{cos 44.5"% + sin 44.5°§)

w + v = 20240 = [ullcos 155.7° + vl cos 44.5° = 0
bl sin 155.7° + {[vil sin 44.5° = 20240

= —0.9 14lal + 0.7133v) = 0

0.4115]al| + 0.7009v] = 20.240

Solving this system for [ul] and v] yvields:

Tension of left cable: ful = 15,485 pounds

Tension of nght cable: vl = 19,786 pounds

&7, (a) Towbine I+ w = |llifcos 81 + sin 81

i

Tow tne 2 v = lallfcos(— 81 + sind— 835
Resultant: w + v = 60001 = [Juf cos 8 + Jul cos{— 81 =
6000 = Ll cos 6 = |uf =~ 3000 sec @
T = [laf = 3000 sec 6

Domam: 0°F 2 § < 90

£s) - v i ) r N (o 7505

e T T Jar [ |5 | e & x
I 30463 | 31925 | 34641 | 3916.2 | 46672 | 60000 MM/‘”

{dy The rension increases because the component in the direction oL

of the motion of the barge decreases.

& Houghton Mitilin Company. All rights reserved.
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88, (a) v = [ulcos{90° — B4 + sin(90° — #f)
v = [vl{cos(90° + B + sin{90° + 8)f)
w+ v o= 10 == laf cos(80° — &) + vl cos(90° + 8 = 0

= [laf = {vl|, and

100 = lull sin(80° — &) + Juf sin(90° + &

= 2l cos

Hence, ol = T = ~— = 50 sec 4.

cos B

Domam: & < § « 80°

(h} F Pyt = =3 o I e
& ¢ 1 20 30 44 563 &4
TUSE | 332 1 577 ) 653 778 | 106

ey = 7

_,.-“’/
a3 =l
q

(dy The vertical component of the vectors decreases as § increases.

89, Adrspeed: v = B60{cos 302° + sin 302°)

Groundspeed: w = B0fcos 310% + sin 310°%)

sin 310°) — 860(cos 302° + sin 302°5) = 58501 + 116.49j

Wt ¥ T B
w o= — v o= RO0(cos 3107 4
el = /58,507 + 116,497 = 130.35 km/hr
116.45° )
TERTE§ s : i%b
g amjem( w550 ) 63

Direction: N267 E

GG, {2y

(b} w = 60{cos 45°, sin 45% = (30/2,30/2)

(dy w+ v (~2299 5545
[w + vl = 600.3 mph

554,
(o) tan § = i s G 1125

Prirection: N 2257 W (or 337 5% using airplane navigation)
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G, ey mow 2208 v o 15008 307+ 150 gin 307

a4+ v o= (220 + 753 + 753

o]

4 782 = 387 85 pewtons

75
Z”g {} e ersrermvarieenens
3 -

() w -+ v o= 2200 4 (550 cos B+ 150 sin A3

=+ vl ow JIIP F 150Mcost 8 4 sin 6) + 22200150} cos @

/ i d
o Arctan | o F%mxﬁ}

g e W e (000 |10t | 1500 | amee

MOUITOL 3879 3205 ) de6d ) 1947 L 1172 704

ey PEAT 038 1 A4 | 4187 L 30R% 0P

(s {ey Vor increasing #, the two vectors tend o work

magnitude of the resuliant.

LG b il - )

- BT cosfOU® & 8} = O

IThsin g = 0

(9 4 8 = 0

Tlcos 6= =

14

=ogec G a8 <

wotan 8,00 5 #ew/l

Hence, sl

by T T

# 1 T4 A i 300 At LSO | e
P raz b iae LIS r3 0 1ss | 2

G| 3B 036 058 | 8BS L 119 173

other 1n magnitude.

9% True. Sce page 424, 94, Troe, no= 98, True infact, g = b = 0.

against each other resulting o a decrease m the

a5,

True 7. True. a and 4 arc paraliel, and %8, True. ¢ and & are parsllel, and

pointing 1n epposite directions. pointing in the same direction.

Houghion Mifflin Company. AR rghis resarvad.

@
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9%, True 00, False Fofact v + 8 = w, 16, True.a +w = Ja = —2d
102, Tree.a +d=a +{~a} > § 103 False. w — v = Zu and
----- o+t = 220} = 4o
184, True 185, (a) The angle between them is §°)
t—w= —gandh — 5= —¢= —g (k) The angle berween them is 180°

() Moo At most ¥ can be egoal to the swn when
the angle befween them is {°

(ay F, +F, =0+ 5cos 8 5sin 8 by =

[F, + Fajl = /0 + 5cos 9 + (5 sin 6)° " //““
wo WY 4+ Hicos 8+ 28 cost 8 + 2587 8 AN
il Far
w84 - 4 cos §-F cost 8 4 sint g @
w5 Vf 44+ dcos &+ | {dy The magnitude of the resultant 13 never 0
— because the magnitndes of F, and F, are

= 5.5 + 4 cos 6
et the same.
(ci Range: {5, 15]

Maximum is 15 when & = [

Minimum is 5 when 8 = 7

107, Let v = {oos 88 + (sin 8)]. 8. The following program is written for & TLR2 or
S — - Ti-83 graphing caleulator. The program skeiches
il = Jeos8 v sin? 4 = 1 = - R i .
: fwo vectors u = gl Bland v = o+ diin
Therefare, v is & unit vector for any vahee of 4 standard position, and then sketches the vector
difference o — v using the parallelogram law,

PROGRAM. SUBVECT
dnput “ENTER AV A
Jeput “ENTER B”, B
depot “ENTER O, C
deput “ENTER D7, D
Line {0, 0, A, B)
Lime (0,8, C, D)
Fause

A-CE
B-EsF

Thne (4 B OO0
Line (A, B.E F}
Fine (G, 0, B B

Fause
ChrDiraw
Stop
169 w={5 1,2 6y= {4 ~4 116, g o= {80 - 10,80 -~ ey = (76, 20
v= {8 —4 4 - 8 = (5 -1} v o= (=20 = L= 1O, 70 - ) = (88, 70
- v = {1, -3 o o o= (T - B0, 260 - 0 = {10, 500

Yy o— By oww f:}_ 3} ¥ ooou e ”:8{‘} - ?{}Q AR 2{}} e (‘ié}“ S{}’}
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113, (18040 e 1) =

= d8xyd, x F O

PIS, (201 2 1034 x 1679 = 714 x 1°

ok
EEN
—d
*

ot
s

1316, (6.5 WEHIE « 109 = 247 = 1Y = 2o

= T ooy 8§

17, sin 6= = =

-
4 -

// ; -

P e

j// : b

1 / i

i H

/’/ : -
B ; .c/_f) e

119, cot 6= = => i+ 100 = 16 - esc 8

12 cosxions x + i) O 122, sinxiZsiny + 0

sty = b o7 sinx = —

CHE Y = - E [ S T S 2?’1’:’7

123 Ysecx + 4 = [ 124, cosxootx — cosx = 0

secy = 2 cos xicotx ~ 1) = 0
cng x = {} o ¢oty = 1
o x =

s
= =+ g oor o=
‘= 7w 2z
. 5

@ Houghton Miliin Company. Al dghis reserved.



@ Hougrdon Mifflin Company. All rights reserved,

Section 6.4 YVectors and Dor Products 498
Section 6.4  Vectors and Dot Products
B Know the definition of the dot product of u = (i, u,) and v = (v}, v,).
R T )
8 Know the following properties of the dot product:
Lerv=v-u
2.8-v=40
Jmelvtwrmacvobaeow
4 oy v v = |i?
ool vl oon e VRGOV
B I §is the angle hetween two nonzero vectors i and v, then
UL
CO% Home e
fal v}
B The vectors u and v are orthogonal tfe » v = (.
B Know the definition of vector components. w = w, + w, where w, and w, are orthogonal, and w, is
parallel to v. w, is called the projection of v onto v and is denoted by
_ fu ¥
Wy = proju = | W}v
Then we have w, = v — W,
B Know the definition of work.
1. Projection form: W= !ipmjyé Fli 20
2. Dot product form: W= F « O
Vocabulary Check
1. dot product Z. ﬁi@;ﬁ"@g 3. orthogonal
v ey v e
4 {;‘*;;)‘ 5. |lproj, FIIPOLF - PQ
1w v (6.3 (2, —4) = 6(2) + 3{~4} =0 Zowew s (4 1) - {23
= {442} + H-3) = — 11
Jow-v =081y (3 ~1y =533} + {{~1} =14 dou-v=(32 (=D =32+ 21} = —4
& w = (2,2) 6. v-w={=34) (1,4
@ -u o= 22 4 22 = 8, scalar = {—3H1) + 4(~4) = 19, scalar
7. w=(2,2)v=1{-3 4; B. 4wy o= 42,2y - {34
e v o= In v = 4{—3) + 4(4} = 4, scalar = 4{—6 -+ &)

= &, scalar
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9. (e - wm = (31, —4) - (-3, 402, D) 10, (u - 2viw = ({2.2) - 23,401, ~4)

5

= (303 + (124N, 2 = (3 6) -+ BN, -4

v (e L, - DAY, vector

=
<
[
Tt
LA
r
)
L4y
LA
é
Do

{} s

D Houghton Mifliin Company. All ights resarved,
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497

— / f{%” a4 o jf\:‘ = i‘ . l{ii

23, u = { cos A&ji . (mn 3); ‘‘‘‘ 5 + 57

U O PN LA N e 3
v = %\ms 4}& -+ {Sm e Jg = ‘

8% - ¥ {E\ ‘/’jf\ fy/‘g)(\f;‘“f\ﬁ '''' Vfi -\/6
R T R a\zi("‘“‘z )7 ( T\
7+ B Sa
el . k‘ s s vl 75C T e
& &scws{j p >

<
i

L,
AR
(

(Vi) (B B
(1) T e

)

T L ASiF
== 12

25, a =2l — 4} v=3 — = -G - A

v —H 8+ [~

g Y é -+ ZO o 9
§ f e e Co8 § o= e —
T EIeV T e el vl

¥ ﬁ'“‘:‘u”:

27 m =6 — Zj. v = 8 — 5f I8 G =

4580

i g -
et
s
-

% — 3§, v = 4 + 3

! WY
- Co8 8 = e
/8¢ [ 9]

i

# = 43 18°

v

~{LO5ES
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3z

34.

38, -

445,

41,

42,

P12
PO = 2,2y, PE = (1.3), R = {~1. 1)
PO - PR 8

COS Qoo W e R—
\Pof PR 2VIHVT0)

s e = e o O
1Polior]

y = 180° - 26.6° -

=y

Thus,

L P {3000 = (2,25, R = {0, 6)

PO = (5,20, OR = (=245, PR = (3,6).
OF = (-

CON & =

m =7 : sy ﬁ:: Ry 7

[ /264 ./28)

g - v o= il vl cos 8

o
— fid ,{:{é«?f

s (A1) cos 5

g v & = Notorthogonal

@ ¥ kv ==» Not parabiel

w v @ U = Notorthogonal

Mesther

4y = = 4{=2% ~ §) = Bi + 4f = u => paraliel

go-v = {4y - {2k 5y = 2 -0 =0 > k=

poov= (=35 (2, -4y = ~6k - 200 =

SFCOOs

'%‘;w IR i

A
3 = e {7 W = ] I
33, 00 = (12 b, v T

~Zdy w=powoand voare parailel

Lk
L

P §) v =51+ 8
Mot parallet

g v F 0w Mot orthogonal

= (o wmowoand v are onthogonal,

H

7 L

k=

dou v =

2o ky {32y =6 =2 =0 = k=13
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4%, a = {3, 4}, v o= {82 46, u = {4, D, v = {1, 1)

H

W, = proj,u =

w o= 4,7+ (0.0

&7, w = {0, 3), v={Z I5} o= (-5 ~ v (11

w, = projur = |5

W, o=

44,

8. Because u and v are parailel, the projection of »
G VS B

LFy
i
4

praju = G since they are perpendicular, 52, Because u and v are orthogonal, the profection of a
onto v ois &

g o= (16 24, Forv o be orthogonal toa = (~7. 5}, their dot
product must be zer.

1943

For v io be orthogonal 10w, u - v must equal O
Tweo pussibibites: (5, 7), {5, 7

Toro possibifities: (6, — 23 and {—6. 2} ’
& w o= gt 3 56, w o= TEE - 3
For v 10 be orthogonal o u, & - v must egual . For v o be orthogonal 10w, w0 © v must be cqua
. s 3p 3on to G,
Two possibilities: 4, 5} and {2 —5)
Two possibilides: v = 3 ~ sjand v = ~3i + 3]
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57‘1 e {me};;gvi §@f where PO = {4, 7% and 88, P =(1,3.0=(~235),v= —20 + 3j
= {1 4} RN
L&) work = [fprojzzvi] | PO || where
TR Y e ( e {4 7 PQ = (“‘:‘h 2.\) &ﬁ(i ¥ = iwz, %}.
o }f(_) EPQE g } / pﬁ 7%4\
\'ww‘z %
“““““““ o, rolya v = ( et [PBEE (wm W4, 1)
W = projpel [PO] = < ) JE5) =32 PR g ) 20/
. 14/20) \
work = |;}r<};g§ I {PQ (“:{}W“){\/%} = 14
B9, {ay @ ov o= (1245 26005 - (12,20, 850} 6fh, w o= (3040, 24500, v = (175, 1.25)
= 1245{12.203 + 2600(8.50) = 37 2%9 (ay -+ v o= 324003750 + 24501 25) = §732.50
This is the total dollar value of the pcture This gives the total revenue earned.
frames produced. e : ; .
(by To increase prices by 25 percent, multiply v by
(b} Multiply ¥ by 1.02. 1025
FOZS(1.75, 1.23), scalar multiplication
6. (&) F = —?}E},{}(}é{?u Gravitational force
v = {cosld®), B;“En{d”\}f}
= profF = ; l ‘; = (F - viv = — 30,000 sin{d"}{cos 4°, sin 4%)
= (- 30,000 sin % cos d°, — MR000 sin” 4
Force nesded: 30,000 wunld™
4§33 1
) d 0o p e 2° P 3 47 5 & 7 B o i
Force | 0 | 523.6 | i047.0 | 15701 | 20927 | 2614.7 | 3135.9 | 3656.1 | 4175.2 | 4693.0 | 5209.4
cy w,=F — w, = —30,000f + 2614 T(cos(5°1 + sin(5°)f) = 2604758 — 2977211}
ool =~ 29,885 8 pounds
62 F = — 34004, Graviational force 63, (23 B = 15691 cos 30°, sin 307
v = cos M+ sin 109 PO = di1, 0
I 11%
w, = proj F = = {F - vjv == — 937 Tv We=F- PQ = §5,§)‘%iljid 2= 13 588 &
Magnitude: 937.7 pounds (b}
Wy TR W, i O 200 440 2OG
= — 54003 + 937 Ticos 107 + sin 10°f] Work | O 2,717,761 1 5435522 : 10,871,044

64.

== 73 45% — 5237173
vl = 531% pounds

W= {45200 cos 30° = 772 4 foot-pounds
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S5

100, 6= 3P

= 12,500 /3 foot-pounds

]
{

= 71.680.64 foot-pounds

67, W o= (oo PSUHI0MANY = 72595 foot-pounds

H pestinds

/

406

6%, Troe w - v = {3

T (s we

3

{by 4 -

b |

{feym-v <0 = cos <O w0

T4, ]

¥

The diagonals gre g + vand s ~ v

Th w - lev b dwl o= olu - v+ dla - ow)

s &

7. From wrigonometry, x = cos Jand vy -
Thus, & = {x, vy = cos §1 + sin £

st w and v be two adjacent sides of the rhombus,

&%, Work =

T4 False, Work ts g soalar, not
Vieion

73.

7E.

= 50, 6 = 20°

25, [P0

W = [F] [P0 cos 6

= (JEVEN) cos 2607

FRe E

== 1174 67 foot-pounds

{cos 20PH25H12) =~ 2R1.9 foot-pounds

Fio - v s

orthogonal {unit vectorsh

G e they are

{2} proj u = u => uand v are parallel

by prof,e = 8§ =2 g and v are orthogonat,

Use the Law of Cosines on the mangle:
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T8 From migonometry, :
{ o 3 S y }
¥ = COS{\E' - é*) and y = sm(w;; - f?}. e (ﬁ_.x.}‘i
/ " " ?
. T ; a !
Thus, u = {x, v = cosl — — i + sén{ “““““ &)ﬂ ¥ |
X ¥) ‘\\2 (A . g |
o .
T8, glxy = flx — 47 1% 5 horizontal shift of f four units 80, gis areflection of f with respect o the x-axis,
o the right.
81, glx} = flx} + 6 is & vertical shift of § six units 82Z. 2 is a borizontal shrink of f.
upward.
83, J-d - 1=0—1=~1+73 84, /8% + 5=200+ 5= 54+ 220

85, 3if4 — 5i) = 12i + 15 = 15 + 12 86 —2i(1 +60) = -2+ 12 =12 - X

87. (L4301 — 3 =1~ (4P =1+9= 10 88, (7 — 40(7 + 4i) = 49 + 16 = 65

3 2 3

2+ 3

89. - =

I+

R

390+ 8+ 120

6 4+ 3
96 i i

i 4+ 6 33

26

27,
76"

91, -2

B

92, 3

bagingry
aRis

maginary

Y 2 ' s

g
A% + 120 — 51 + 51 gl
== il
34 :
4 ' P
4 B 63 4 I SR iy
W e —e ..n..‘.....x '
3 i@ ki
34 34 -
4
s
Imaginary T —
BELS avis
g ol 3 -
i 3
G- .
$ ad
.
t . b Gendominbenad Had
: Bt —dmk 2 & ® o SO
. 1
g e e G-
IS I A A o .
'.2" il b
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Section 6.5 Trigonometric Form of o Complex Number

43

Section 6.5  Trigonometric Form of 2 Complex Number

You should be able o graphically represent complex numbers.

The absolute value of the complex numbers z = a 4 B is H =
The rigonometric form of the complex number 7 = 2+ Bis 7 = rleos 4+ 7 sin 8) where
fay a = rcos 8 (B} & = rain 4

+ 57 ris called dhe modulus of 2, {dy an 8 = b/o §is called the arouwment of 2

@) r=

Given z, = ricos 8, + isin 8, and z, =

= rnfeosl@ 4 A 4 i sinl8,

L By) b fsinld, - B4 2, F O

Yy should know DeMobvre’s Theorem: If 2

< rleos B+ @ osin £, then for any positive infeger n,

P pteas n# b § s

You should know that for any positive integer #, ¢ = rlcos & + (sin 8} has r distinct ath ro0ts given by

ay
/ *

j
/

Vocabulary Check

L. absolute value 2. wrigonometric form, modulus, argument
3 DebMoivre’s 4. ath root

B & 5
‘ R
N Lo & axis
Resi
: P ExiE
: Rewt
N TR “ ‘
~
. gl o
E A L3l H iy '




364 Chaper 6

Additional Topics in Trigonomerry

7. 13 + 6if = J9 1 36
= J45 = 3./5

finapingy
#RiE

B R I
+ £ e +

5. 1= J3— i

5 tler . Lia
7o Zoas b sy
%u 3 £ ‘ ]

/

7.y =5 — 5

& 110 — 3 = JI16? + (—37

Iragingry
aiis

W
g+
&

lz= -2
r= SR T E =

anf=mw = §=

e

7z = Heoos w -+ {sm )

id. »

it
Lad
e

i

F

16, - = —1 + JAi

Errghinry
ERIE
;.
B SO R - Real
O TR b
N
N
N
5 % 5 Si

3 «V-’Z(cos; wob s

: . ow
tan & = I undefined = 8 = ?

&~

e i)
= \CO&; 2“ i8I 2

&3

Gy
tan Fundefined — # = —

Ty L 3
7 = gos—— + jsin-—
7 3

»‘
1
S

+
Lad
e
!
Lad
=

7'?\%
4/
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&

45

imaginury
i

Hayi

€
By
EE
i
i ‘7 v o4 5 WS

7o ‘\é %

Lmaginney
aris

19, 7 =

235 oo

o
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24.

26,z

r o= &4f
poe 4

tan & = %und&ﬁm{i b G e

/

5
z = 4{ e0s 3

3

il
L4

;

i

.. Y
KA s B fnaginary
2] ek
EX 23
34
i
g 5 g S
Chidet oy on o3 4oz AW
4
-5

tan 8 = ‘”,‘“E w113 o 34877

5

z= J26{cos {~11.3%) + isin (— 113

Irsaginsy
wxniy
. g
i BT s 3 ais
.5 T
Ll C

#=20

7= Heos O+ (sin 0)

frnagingry
s

3
3
& -
4

oo Tyt

186 o A

8, =T+ 4
F= A9 16 = JBE

tan § = {—% —x § = 267 radians or 150.26

z = J/65(cos 150267 + isin 150.26%)

fnsginary
ANEL
T+ 4§
& 3
- 34
L T~ Rital
el ek axis
A

2l z2=131

2 = ’%{\g,(}g o + fan (}Q}

Inmaghuary
axin

29,z =3+ J3i

tan B = Sy f ar 30°
&

3

;
i

[
7= 2\/’?;{ cos = + i gin

Emagisery
Fxls
50
s
3 « V/?
. ER
a7 r
N Raw
a-3-d-l L7 o33 4 3 M
R
i
-

=Y

6

£

|
J

= 0.3
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a7

= § = - 195° or 340.5°

z = 3cos{—19.5%) + {sin{— 19.5%)

Terpaginary
F2e
. . Eeat
e \ F] 3 ARG

FrdT e

Foz= 1+ 4 33

Foam Vﬁw s v/%“é

=2 =3 = §e TLE°
z = J10{cos 71.6° + i sin 71.6°)

rnagiaary

BHiS
3 @b+ 3
i
i
L S
‘
¥
S
B
:
-
¢ ¥ i onnchen Real
el H 3 < iy

73}

3, —3 = 3islcos 1616° 4 fain 16187 35,

= 3.16{cos 282 + i gin 2.82)

Emagimary
wly

| Rend

edwdeg-t Lotz 3 405 B
D
i
i
- -

r= JITFE= /3

maginary

axis

Hoal
L

@n f =% = G = 21.80°

7= JPleos 21.80° + i sin 21.80°)

Tmsginary
axig
¥
4
3 e
i

-7 :

tan § = m—um =~ L6499 = f = 301.22°
3.2

z = /6T{cos 301.22° + sin 301.22°)

fmnaginy
#IEG

Real
Vi Vo4 o4 B
f
3 N
. \
e K
.
P %
e N
O
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i
]
ﬂ_""“:”’-u\
:
[
L.
A

36, —8 — 5.3 = 11.7%{cos 227.3° + {sin 227.37) 7, Zeos V0P 4 fsin 1207

—8 — 5./37 = 11.79%(cos 3.97 + {sin 3.97)

ERgiEaryY
Anis Iaginary
N axiy
i}
g -
N ] sl A T
N Rl '
LR o4 g W T N faal
4 L 1 i B BRIG
¢
o3

39, -

3%, Sleng 135° + {ain 135%) =

Bk b Lad

[smaginary
(8
14 |
. :
’ H N Ruat
~ ¥ rin 4 B
- ? 3 : Bt
s
T i
. ¥
; Reeaz 9
5 5 4nis
4
‘, o Fary 152

44,

o |

{cog 315° 4+ [sm 3157} = 22 41, 3.7.‘5{5(}.@: 2 + §ain w} = e

N
N
N
[ N
=gl
et P o i SR8
N i3
-k

/ i . ’7"\1 . R l.\ N s o g - (E :
43, ;uﬁg\;cg}SA + fwin ?‘} = 1.5(0 + 4} = 1.5 43, @(u}s 3 i m} e 6‘.‘“ 4.

Hedl 3 .
s A w4,
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_ & [ Gy kTS \
44, é%( 5 - § gin ———-} { w}m + Z"’“‘)’ 45, 4( COS*‘QE 4+ & *5:} = &4{0) — j1 = 4§

I

lmsg:_ﬂsz}‘ E gzt
e 5 Rh
@ Iy i
- H
N 3. :
Tl i b
L S e i
B R R O B Y
P H
i

46. 9lcos O + isin0) = 9 47, 3cosl187457) + | sin{18° 457)] = 2.840% + 0.964%

frnngingy

11

Trnmginury
s

28408 » 09643
&

g T c ]
o Hesl Y i axig

-2 1§ 4 B o BES

48, 6[cosf2307 307 + i sinf230° 307 = — 38165 — 48297

Bmagingey
=i

et
iy

# 5
~3RI03 - 4679

s » - '\\
17 3y

7 e . / L. I )
Sl eoe — £ §gin o | 4 BORS 4 117 5. 12 cos o - iginD— 1w 3T -+ 11.41/
4%, 3(@05 5 i sin (}J 46985 + 1T E 5 )

51. 9icos 58° + fsin 58°) = 4.7693 + 763244 52, 4eos 2165 + isin 2165% = ~3.22 — 238

& - . . Aa
53, temeginry 54, z = 1 + /3
axis AN !
3
z 7 =
RS G IE SRS
Y 5 P
. K g S ifi(:ﬁ + i} <
Tl y Real
z i £ s i _] TR R Ry
. axig
4w W34
24 ot gy N
) . i, .
oy ik LT Rt
. b ol il w300 T F R g
= (141 + J3i) AL
The asbsolute value of each power 15 1. ‘

The absobute value of
gnch s 1
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55,

o i w3 foe lar
56, | = cog e b fin | 6L cos + {sin J i = '§{6}| i.ﬁ&{"gj + g,} b fsin = 4 ;}

[Scos 1407 + 7 sin 140%)] | Hoos 607 + 1 sin 607 =

e [1is RS 1 OO, S PP o S,
8. {ji{:(‘?@ FI5% b iwin 1157 Jj‘{g{t{}ﬁ; O A f e 300 }f a= S Heos(115% + 3009 + [sinf 1155 + 30077

59. [Hicos 290° + i sin 290°[2lcos 200° + { sin 2007)] =

= \f}f cos 47 - { sin 4907

= m(u}x P30 4+ fsin 1209

6, {cos 55 4 fain S%Meos 207 + isin 207 = cosis® 4 20°) 4+ fsin(3” + 207}
= oo8 257 4+ fosin 25°
cos 30° 4§ sin 30°

61 s 2(F -+ § ain 2P = oonsiB00 — 2071 + {sind 507 —~ 207 = cos 37 4 {en 3P
[SEO:C A ¥ e oA § Y BAS

[ 1]

Lo 21 fsinfd 3 - 21) = iivm"llﬂ + fainl2 231

Heos PHY 4§ HEL: i .
a1, SE9s sin 1207) ;w, (107 — 40°Y + §sin{120° — 407

i N o
- = —{gos 807 + { gin B0
Moo 407 + 4 sin 409 2 ‘

CO5 T F LR ; N
Y o

&4, e o g s b gin S
oS v OF s T 4 4

. 1Rlcos 34° + | sin 547} , o e me
5. ; oo Bleag{84° ~ 1027 + {ain{54° - H2°
65 Foos 1027 + fuin 1027 0008t )+ isin347 - 102

= Gloosl ~ 487} + §sind —48%)) = Gloos 312° + fsin 3129

o Gleos 2P fein 207y 9. o .
" - = — it S ?w ©y oy g : n 2 N 5}*1; 1
o Slcos T5° + fsin 757) *g pstal )+ isin(207 ~ T3

i . ey
= :{'fiﬁ('ﬁ!&{ e BESY - il 557

G. ‘ .
w - leoy M50 4+ sin 3057

i/ S 3 T 3 § 7 oy / ar
gy e e fogiyy e | L = e o 4 b e | g —e b — 1 e - —
”f%(\ms Lt isin 5 Hﬁﬂy{m« . i sin j 3% ?{@mﬁ st “I ésinf } 1.2{5@ i sin 3 }
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i1

7 T
&7, (ay 2~ 24 = Qf{aos—g 4 {gin —;\
{ _ i
bt \/iims% + 7 sin X)
. . i - T TRy & ‘3’2‘(_,‘?}'\\3 .
(03 (2 — 201 + i) = 2.2 cos — + {sin A)Vi cos— + jgip— | = dlcas 2w + fsin ) = 4
. 5 4 4 4 47
-2+ =2+2=4
T T
6%, (a) 3~ 3j = mfi( cos =+ sin |
3 4 4 ;
T 71’:‘ ‘
b —i= 2( —= s
i = /2l cos p i sin - A J
‘ . = I Ty - 7 T { Tar LA )
by (3~ 3HL - = 3 2{@% 73 + § gin *2} /Z(Ci}% wf{ 4+ { gin w;;} = 6%@(}5 = 4+ §sin “"2_/} = i

9.

78,

71

ey 3= %)~y =3 3~ 6i= ~6

{2} 2 -+ 2i = 2./2(cos 457 + | sin 45°)
o~ = J2cos(~ 45 + isin{—45%]

(by (2 + 2001 — 1) = [2/3(cos 45° + i sin 457)]] VFlcos(—45%) + i sin(— 457} = 4lcos OF + i sin OF) = 4

(e) (2 + 20t — iy =2~ 2+ 20— 2% =2+ 2 =

@y 3 b i o= 2cos 30° + i sin 30%)
P i 2 Hoos 45° 4 1 sin 459

) (V3 + M1+ 0 = [2eos 30° + £ sin 307 /Tlcos 45° + 1 sin 457

2./ 2cos 75° + §sin 75%)

L - il

= 2./72
3 J

= (V3= 1)+ (V31
(B idi+0= 3+ {1+ 2={(/3- 1)+ {3+ 1)

() 24 = 2eosl~9G°% + i sin(—90%]
Pk o= /eos 45° + | sin 45%)
by —2i(1 + i) = 2cos(—90%) + i sin(—90°)}[/Flcos 45° + i sin 457
= 2/ W eos{— 457 + i sinl—~45°))

, _,,2{ Lol

= i it =1 — 7

v ««/i V/E_

ey =2l + = =2~ 2% = —2{+ 2 =2~
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. e T .oy
T2, (a) 3= .._%(e:.w?; i i
w2 27
o, Ty
Pt im WJ2lcos — + isin—
iy 4 4/

dar Jar
73 fa)  mdi= 2{ wg-w;i* + i sin—

T4, {2y - i oo ":)

o]
X
by - A+ ] o
[ A T I 4
SPANY Sl Sl T
y &
o %
( / Py -
o XL ST e
4 52) W 3 H
ey (=il + 3] = —f 3
75, (&) 7 = Jeos O+ Fsin O
wf T A
i R B e S A T
a'i 4 j

— s

by UL -8 = 2.2

gogm—— = ginee

77:‘“}(

Té.

fay  —4

by —alt

(cy —4l1 +

-

2/

= &{cag 7 b i sin

2 N

by 3l + i) = 3{&}&;; + i gin
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71

8.

(a)

34 H

1 - \/‘33’ P 2 C(}S‘;W“ e EQE?&M”}

. T ’?’f.‘:*
w3 z{mg A1) F)
V2 ' 4 4

S Fary

= - 3409 - 20490

1+ A0 32334 (34 3./3)

b+ /3 4
w0549 + 2049

/ 7 e
= 23[eos T+ isin %)
~ { % P I sin P

,}( T e
AT S Rl S 3 1 B
3 £y,

22 2/ (w T\ 4 sinl T m)
= L cos) e e b fsine -
1+ 3 2 Ex.é’ S\fi J i 4 3

= Sloos O 4 im0

i \/gf 4
== 1 366 — (.366§

e 7
2.2 cos— + isin—
W {ga p :i)

S{cas § + fsin ()

=/ ¥,
2\/2(;:05 7 4§ gin 2}}

(&} 7w Heoos § 4 i sin O3
. / Plar Thary
E- S ¥ e TR .
S oed= Zi\‘a,m, s { s P }i
. 2 2 ‘. / i }i’}'}"g il7
by —— = —loos] - F f&}fﬁii(““
A 2{ (—.w & ) L6

-

z S+ A3 S
E’ [ = e
SI3-i i 4 Z
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&1 () 4i =

, Circle of radius §

Circle with radiug of 2

6, Lets =2+ i

16 =6 = 6= VT

Circte of radius 4 Circle of radius 6

ELicH
)
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1%

Imaginary

3 e

Imagimasy
axis

Ragl
it

BH,

¢ -
AR

!

4

g o= o

arotan i

4 iy such that

; "? 0! 3 o 3w 3
= b /28 leos —— + {sin——|
V2 ees 4 )

oo
+br) ot Mm

“i

i

4‘1 i
g
u} 3 isin }

61

[ Aw Syl
367 = 4] A ooy o b fgin o
i 3

RUrA T

Heat

fRety

| Heu

axis
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97

9%,

§9,

104

161,

193, |

165,

167,

[N

[5leos 20° + i sin 20°)F = 5%cos 60° + isin 60%) =
[3oos 1307 + 7sin 15071 = Bcos 6007 + { sin 600°7)
= &1l{cos 2407 + i sin 240°)

= Bi{--cos 60° — i sin 60°)

81 %13
T, 5
kS e
AT S T At 25 257
foog — + zs;mﬂ*} = Cog b g e
/ a7 o ' e o
= cos| 127 + ""“‘ + rsm( 127+~ =¢os— + isin— =
i 27 ! 2/ Z

26 cos b isin ?j} = 2 eos 6o -+ §sin Gar) = 212

[2{cos 1.25 + isin 12531 = ZHcos 5 + fsin 5)

= 45386 — 15,3428

+ istn m P o 2¥cos 8 4+ Fsin 8o

= J56(1) = 256

[4lens 107+ Famn 10°)] = 45(cos 607 + § sin 607}

.

= 4{}%( 13 )
2

= 2048 +

e 7”572

o

2048 3

E 3{\(7{}5 e R3] :Ir

g

of 2 VT
S e i ;
Sralen
9 =~ 9 =
=2 5“‘“‘/41
[ I( = }16 [ 4 477}{3
------ L r SR e [ ens — 4 fsin——
Fa ~ i 3 3

w= 0o% By & fsin 8

= }

4096

102, [4lcos 2.8 + fsin 2.8 = 4%cos 14 + fsin 14)
== 14002 + 101438

164, {cos O+ istm 0¥ = cos @+ isin 0

= }

106. (/3 4if = [ /TTlcos(5.2221) + i sin(5.22210"

= 441 cos(20.8884) + 7 sin{20.8884}]
=199 4 39355

R [Yoos 157+ Fein 150 = Bi{cos S0° + §sin 607
81
= 4

Lo %7( " . 7'y
rsin—- b T 3Zpcos o tisin
I{})J . 2 Ej

114, %z( cos - +
F% T

= 3%i

& Houghton Miffin Company. All rights reserved.
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Section 5.5

Trigonometric Form of a Complex Number

37

i1z,

2 — iy is a fourth root of — 2 #f

~2 = [279 (1~

[2

{14, (a;

)

{c}

116, (a)

(b}

Ié” _ alél{“

In trigonometric form we have
Heos 457 +
Heos 135° -+ { sin 1357
Yooy 2257 + 1§ sin 2257

i sin 45%)

Yoo 315° 4 sin 3159

There are four roots evenly spaced around a
circle of radiug 3, Therefore, they represent the
fourth roots of some number of modulug 81,
Raising them {o the fourth power shows that
they ave all fourth roots of —81.

[3cos 45° + {ain 457} = ~ %1

[3cos 135° + isin 13559} = -

[3(cos 2259 + /sin 22591 = ~81

Pilcos 315° + isin 2155 = — &1

In trigonometric form we have:
Zleos 30° +

Tieos 90 4 §aim 907

i sin 307}

Zeas 1505 + §sin 1507

Heos 2100 + {sin 2107

Feos TTO5 + isin 270

ooy 3307 + § sin 3307

There are six roots evenly spaced around &
circte of radins 2. Raising them © the sixth
power shows thaf they are the six sixth roois
of — 64,

i1E (a3

)

3
i

fn trigonometric form we have:
Zeos 307+ ain 30°)

Jioos FEG° 4 sin 1509

2eos 270° + i sin 270°)

There are three roots evenly spaced around a
cirele of radius 2. Therefore, they represent
the cube roots of some number of modulus &,
Cubing them shows that they are all cube
roots of 8/

(o) [2cos 30° + isin 0% = &

115, {a)

[2{cos 1507 + isin 1509 = 8

[eos 2707 - fain 270°) P = &

In trigonomeiric form we have:
cos 1207 + fsin 120F
cos 240° b { sin 2400

cos €F 4 fsin O°

(b These are the three cube roots of 1.

(c) {eos 120° + isin 1207 = 1

foos 240° + fsin 240°7 = 1

fepg O° + Fsin O7F == §

ey {2eos 300 + Fsin 300 = — 64

[Heos WP + isin 909F = —64

[fcos 1SO° + Jsin 150530 = —
[Zleos 28 + isin 21001 = —
[eos 2707 + fan 27971 = -

[Z{cos 330° + isin 330% P = -

Hd

2
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iE7.

114,

N,

1}
2= z{um e S —-j

Square roots:

- ar 2t

o8 -+ isin— | =14
J2<ws 4 rs*m4) i i
/””(/_5_7_7 i 3TV i
W?;.\Los 1 + jsin éJ i H

3ar o
..... = R e
3= ’%{\ws 5 isin 2J

Sgprare roots:

( 3w dmy V6 Ve
V .‘5 (A & igli’i 'i fj 2 i P
7 TryJE 6
J i AT -
%{m% n [ sin T3 5
T
2 2=
2 - 2% V,/Z(\m ; )
Square roots:
Ta L !
3”4(CO$ T fein ) e 1554 + 0.644)
\ 8 &/
i L5 157 )
g% cos ;h + isin M%j) 1.554 — 0.644f

5
%

/ ™
12301 + J3o= ’J’i\w&aﬁ + {gin- %/}
Sguare roots:
T ] x,/g . \//zi
\/2((:0% —é" + fsin g} = *2 + B i
2(@05 jf sim Imy . Y6 ‘l/izis
Vaees T T sy ) 2 2
125, (a) Squart:. roots of Sfeos 1207 + isin 1205k
ﬂ_ 120° -+ 36070 120° 4 360°KN
cos{ = ) + isin T

-\/g{cos &0° -+ [ sin 60°)
JSlens 2408 + i sin 2407

1

118, 5i = 5(% ;3 + i sin g}

Square roos:

ar oo /10
W@(\m&; 7 - z‘sm%} = 33{5* v—zw-*i
e 5 Sy J16 10
/ il R S A el ;
V’S{cm 2 + i sin 4) 7 5
. I B
126, —6f = 6(\:::.{33 "}f + fsin _QE}
Square roots:
Sy G - —
’6(0{&% e + £ sin “W; = SR SR
T ?rr"
Jé(ms f:: + fsin “}? - = e

A
AR waf{ms if 1 gin fé}}

Square ro0ts:

8174 cos =+ isin %) = 1554 + 0.6441

9
g4l {cos -~8~‘~ + i sin gﬁ} e — 1554 — 0644
i24. 1~ /3 = 25{‘13’«; ek 4§ sin ek
- W' 3t i\&, & % é % }
Sguarg roots
S 57 . 310
5(&_0& N{{ 4 g ?}ZJ = \/"Z( ----- 12* + *ég}
e, 2
3 7 ¢
Pl Pl ’6 2
«/2({,(»% mgfw + i sin "“““E;’*;i = 35:" - wémﬁ
{b\} im%:z;;ary
1.
k=01 e
4 /"‘J : Rl

SR
E
,

© Houghton Mifilin Company. Al rights raserved,
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Section 6.5

Trigonometric Form of a Complex Number

1Z6.

127, (a) Fourth roots of Eéa I

128,

{a) Square roots of 16{cos 60° -+ Fsin 6%

’}é{g

dlons 3 4 §gn 3

{6‘) £
f}ai

Hoos 2107 + Isin 2
ST
(6} 4t == + -;i) ‘‘‘‘‘ o

{a}

(e3

2( Cos E;

7{tm S b [ gin m)

/
Fifth roois of %f?g COrs éw g

{

T 'e

+ |
E‘ﬂﬁ%j

)

HY)

oy
o5 2T .
3

S

[60° + 3607 kY
£ - ’:;l

3+ 2
-2.3 = 2

f’*“v::, 6} + Tkwy B/ + 2kw
e 4 i e
5 ] it
. Ty
o= '2[ cos — + §sin --i“}
s &/
SR YL N VLo
Bo= 1 2l cos e e gy e |
36 30
C 20w 2993
b= 1 2{@{% ~~~~~~~~~ + i sig )
‘ 30

£732 4

4: Ziam o
30

5y

i, —0ALSE -

~ (8135 — 1827

4tar
A

3

‘5?“\,

+ isin

P956i, - LOHY + 020914
.485} -

0/

13381

7,

— ik

=01

(b
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/ s f“i
3 eos— + §sin—
A 7 ]

/ Tar 7o

; o
'%gm}x e igin 22
& &/
Ixc«Hm :s;ré“‘l
e e mom—e
ia & 5 /
R PVic S I PV TR
foy B, T gzv N Ef
Fourth roots of 6750 = @Zﬁﬂms -?- “+ f 5in E/i

136, (&)

§ — - ) k]
131, (a) Cube roowns of —{_? + w-"?si} = IQﬁ{C.QSMj;m + ,{sm"f;f:

()

e L) Zhwy [}y 4+ Dk
552&;{ CGS{ EM__E} 4 ig {M{i{:&w}gﬁ uuuuuuuu ‘}1

L% 4 I . 4 J1

E=0,12.3

u'?

R \
ko= v({?c;sA + g sip e
b %.if

. [ Bar Sy
k=i Sleos == 4 isin *j

. o Gor Gy
b= 0 Sieos bodsm )
5 /

13 ?T’ :
e f wdu e |

& 7

-1 EEE b 4610 4619 — 1913, 15

/?j

el ({dw/3) 4 ey 2irr) ,
\ﬂ%{(«,g (/3] 2w |+ fjsm{ T ” =012

Y A

;’; 4y 4"7"
J LOQ é}‘ + fsin —)

9
%(‘ 107 ié}'f‘r"'}

So0s — o F s e
. G

& / Har . . %3 H

SELO8 + 18in ”nm'{} ---------

08682 + 4924040, —4.6985 — 17100, 38307 — 3213%

B3 - 4810

{ b} imRginary
' anis
+

&

3 -

Tt
s G axis
o
(h} Gnagitary
Ry
5
\\
Hegd
s

imaginary
(b) magry

@ Houghton Miffiin Company. Al dghts rasarved.



& Houghton Mithin Gompany. All rights reservad.

Section 0.5

Trigonomeiric Form of a Complex Number

521

132 (8

(o}

3w Gy

Cube reots of ~4./2{1 — i} = g();(}g - + zsm«;}:
&
¢ {/'1 vldy 4 S ’% /4} oL 2!5,7_" B
& 8%“}%( ﬁﬁ/j_%i““ “““““ X 4 tmﬂ{ u )E
S - / 3 !

T ’}’: §
L=1 2 V’G“ ke SRR “;)
'\ 4 &

. ( bl 0
by ZEcog e b fsin

k= 7 17 J

PATA R TAT4E, 1932 - GS1T6L 05178 — 19319

133, {a) Cuberoots of 64 = {34[ cos—= -+ | sin :rj
. Jf 2 t} i . /’1"1“2 -+ ZIC;V .
(6477 cosf fiﬂ“}% """"" 2k ; + EQEM?MTH L =0,1,2

ic}

134, (&}

{cy O

T T
4lcos— +isin
. 5

wo . Swy [ 3w 3w
A fsin cee b= 4L oos oo b f sl o
& 4 2 Z ;}

P I I RECAVACIE SV RS

b T
Fourth roots of { = cos 5 -+ i sin Y
Al eee TR £ 2y (l/2) 4 2k
i R 4 ] 4 /i
E=0, 14,3

e
|

{1
= cos— + mmg

3o pog e 4§ sin
8 it

V9239 + G827, — 03817 + 3.92391 - 0.9230 — Q3827 03827

(&)

Iruagivary
BREE

oo FLEE
4 Ay

{b)

5 RS
133 T
(o} HE 7
34
f‘} Rewr

-~ (923



522 Chapter ¢ Additional Topics in Trigonometry

135, (a) Fifthrootsof T = cos 0 4+ fsin e )] lmagiaary
2k 2k
cos ~~m§f + isin —7; k=0,1,234

cos + isind

S\

b 0w L/
Cog e g e

5 :

G 4w
ong b gin “:;

Gw . B
cos = + 1 sin

5 5

B . B
cos -+ isin
> 5§

(cy 103090 + 0951, —GBGS0 + 058781, — (8000 — 058784, 0.3090 — 09511

136. (2) Cube roots of 1000 = 1000{cos O + i sin O) ) sagisars

e 2k e
Y mé}{}( cos —f- “ i sin =20
S - P

k=412
b= 0 10{cos 0 + isin0) = 10

il

[ 2ar Zarh
Ir MY cog - § gip ~—
{ma 7t isin }

b

k

/ dar 4ary
20 0 cos + i sin wij
5 3 37

k

i

() 10, ~5 + 5./30, 5 — 5./3i

137, {2y Cube mots of — 125 = 125(cos 1807 + { sin 180°) are; (b} gty

Y735 cos| ng?fi‘?ﬁ‘f }+ fsm(igfi-%-ﬁﬁﬁff ] k=012

Slcos 60° + i sin 60°)

Sfeos TRGS + §sin 1807

Sleos 300° + Fsin 3009

N 573 5 5.3

Foy B ity i, 5, - i

< 2 2 2 2

138, (2} Fourth roots of ~4 = 4{cos 1807 + {sin 1807, by maginary

VZ{cos 45° + i sin 45°)

S2eos 1357 + isin 1359

AXRE

Rest

JHees 3157 + §sin 3157

JHeos 205° + i sin 225% ;_ C

ey b+ —i+ i1~ L1~

- Gt

& Houghton Miflin Company. All rights raserved.
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823

138,

(a) Fifth roots of 128(—1 + i} = 128./2{cos 135° + i sin 135°) are: ) toraginins
3 '
2.2 2 9P = 27 mm.)
{cos 277 + {sin 27 ZJ(mq 2@ - | sin 5

2 2cos 99° + §sin 997
2./ Heos 171° 4 isin 171
2./2(cos 243° + | sin 243°
2./Zcos 315° + [ sin 315°)
() 2.52 + LORi, —0.44 + 2790, ~2.79 + 0440, —1.28 — 252,72 — 2i

140, (2 Sixth roots of 729 = 7’7‘:}((:03‘5 -+ § sin g } (b} aroul
el /2 4 Lkm /2 A 3 :
35?29% cos| W%WZ;-}M) : z&;éng\ji/“wg 2 ﬂk =0,1,2,3,4,5

141,

3{ co T 4 isin
3 C08 T+ F Ri5
T 2/

3 S
3{(:%"5 + z@m——?)

S iz 12
Gar &

%{[CGS R 1 j\}

S 17 12/

( 3 134
Jeos—— + rsind

\ 12 e

[ 175 17
(;i‘(,i?g "“““"r‘?: -4 sin MMEE

y 12 17/

'@(m Thar AT

EALN Ziw

sty sy )

{0y 2EYB + 07760, 0776 + TRYR 2121 + 2121,
-3 RGE — 0.776f, 0776 —~ TRIRE, 2121 - T2

. . . . Kis ., T
The solutions are the fourth roots of { = cos -2— 4§ &in Py

(/) & 2em 7/2) + e |
f:/“f{cas( gﬁizw—"fj + isinf Eﬁ—}—g’“—-—i’”} i k=0,1,23

, . W
oos — F f s fmaginary

:3

cos =+ s
8 R

O %%E 4§ sin ?-gz -2 KE‘/F L s

W3 . B
(LG +f s
8 2
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Bz st 27 =8

o+ Dk {7’:
s ) Fisini—

144, »* = 81 = Rileos O -+ fsindd

+ isin

Soos O 4 §sin ) - Read

EEE

Real

axi

@ Houghton Miftlin Company. All dghts reserved.
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528

145,

145,

147, ¥

xt = —1&f
The solutions are the fourth roots of — 160 = léi Cos —;W 4 7 s ~£~]
.F 4’“ b {“3 i
Y18 m({ /2 + 2 ”“) +is ( ---------- u Q‘L—%”}} k=0,1,2,3
i N 4 4 N
{3 i}
2_::03{:5} + mm{%)} magiy
77?7 { Py 3
2 LQS(“@*E + zsm{\“%w)% /T\
ST Ay D e e
“* R S roaresetem -t
ﬂ,.cm(‘ P } zsm{ 2 M f/}
157} AT s
2B~ Bdi =
6 = H4i

The solutions are the sixth mots of H44

%{QGWGT/E} + 2!2:75} . “n({fw/fsﬂ b

¥

) E=10,1.2,34,5

& &
{' ) o »
k=0 2} cos — + isin _,)_ =~ 1932 + 0.5176 reginar
12 2 3

PP L mmm} = 0.5176 + 1932

1A 17 127
; g
{ S Far ’ ) % axis
k= 2 2l cos = + /sin —-A} e — 1414 + 14140
\ 4
/ 137 13 S
k=3 2{cos —— + mm~-§~;~~j - 1432 ~ 051760
k8 y ray
T ¥k .
=42 cesﬂ “+ | gin ﬂ*\i s= — 5176 — 1932
5 12 1z

T
k=5 2((,0‘53‘?‘“"?%‘[1‘“‘““} P4aid — [4td

P o= - = JSHeos 315° + 5in 3157

The solutions are the cube roots of 1 — /\
1315 + 360°%Y 3157 + 360°k) \\ j .

Q/j:, -tm&,(-wm#}ww%w} A+ ism(-————g ~~~~~~~~~~ ﬂ B=01.2 i

A

§/Fcos 105% + i sin 1057
§/3cos 225° + i sin 225°%)
8/ (cos 345° + | sin 345°)
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148.

145,

153

A1 Ei =0
o o— - = S eos 225° 4 sin 2257
The solustions are the fourth roots of —1 — ©

= 257+ 36k 2257 + 360°KkS
YV 7{af}s{~~~~~~~:~iw} i sin( ----------------------------- j

=012, 3

ko= e Q,’E( o5 56,257 4 {ain 56257 = 06059 + 0.9067!
L= 1 B T(cos 14625° 4 {sin 14625 = —0.0067 + 0.605%
k=1 -iff*: as 23625 + sin 236255 = — 06058 — 090671
f20cos 326,257 4+ fain 326.257) = 09067 — 0605%

Eoefe 7 1588 £ = |
= (10 - 2ij4 + 30} =
= {40 — 6] + (30 + &) =
= 34 + 38i =

_ (104 20) + (10 - 20)
4+ 16
““““ 30— 10
20
-
= /-} " Ei et

£
o B4 f o -
! zZ 154 Z

P24 240 30 - MK

12+ 200 12 - Hu

(144 = 480) + (288 — 240)
134 + 400

5;?4 A+ 4RY

(827 + Zi3 + 56
(36 — 10} + (60 + &)
26 4+ 66

£
f

44+ 5 G- 2

T+ 10—

(4 -+ 10 + (50 ~ &y
106G+ 4

228 — W4
25 v 240 25 - 240

{375+ 281 + (300 ~ 30y

525 + 376
ﬁi}s ~”~f&§}z_
1201

b3 60

1241 1201°

= ] 156, False (/3 +if =2 +2./% # &

© Houghton Mifflin Company. All rights resarved.
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527

157, Troe
55 U - rilcos 8, + isin ) cos 8, ~ isin 6,
7, ri{cos G, + isinéy) cos B, — isin b,
- PR ﬁz}écog G, cos 6, + sin ; sin 8, + dsin 8§, cos 6, ~ sin &, cos 8,)]
£ . .
= ;«I{ms;{s} - By} 4 Fainld, - 8}
189, z = rlcos 6 + isin 6) 160. {2} 22 = [r{cos 6 + i sin 61 r{cos(— &) + [sinf~
z = rlcos & — i sin 6 = roosl® — B + [einl8 — B
= pleos{— 8 + i sinf{— 8} = Heos ¢ + §sin O]
= ¢
by Z Hoos 8 4+ isin 6
Yy = :
T reos(— @) + isin(—4)]
I . ‘ .
= ~feos(f ~ {~ 61} + i sinl6 — (—&)}]
;
= cos 28 + isin 26
181, 7= reos B+ isin ) 162, Leta = Qand b = 7 in Buler’s Formula:
~z = —rlcos @ + i sin §) g7 = pi(oos b+ Dsin b)
= r-cos # — sin 8 et = Moos w + §sin )
= ricos{f + m) ¥ isin{@ + o)) g™ = —}
e+ 1 =0
163, 4= 15 sosg fz’} i64. Maximum displacement: ?{-}
% r AN
Maximurm displacement: 16 . 4
Lowest positive value: 1 = <
: : ; ST .
Lawest possible f-value: ri 5 = te= 2
I . . t
168, 4 = gcus{izvz} 166. Maximum displacement: T

Maximum displacement: ;

™ 1]
Lowest possible rovalue: 0wy = — o 1=
4 G 74

Lowest positive value: ¢ = —
P 60

o1
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f e a A f
167, 2oosiy o+ o b Doosly o = 0 168, snlx + —

deosxcos = 0

cogy o

P70, anix 4+ wi -

= 380 R = SR g = 12

—
o
=
=
i
=S
Lhd
P
. ol
T
Ay
S
=
o
ir
o
Bk
o
-
£
3
<1
.
Il
b

- A2 80P = 9F° O 180° — 38° — 58° = B4°

asin B lesm Y . asin B 12wy 587 -,
ﬁ; e - - — N 2 i3 b = - = - s s ‘f}u:ﬁ,‘ﬁ
sip A sin 32° sin A sin 38

CasinC 16sin 9% Casin € 1Zsin 847
sin A sip 32° sin A sim 38°

3 Grvens B o= 255 C = 1057 ¢ o= 25 4. Given: B = 2P = 115, ¢ = 30
w fx’{}l /ji = Ig(‘?‘ - fé\g\ - i?f{ == "‘;EC

A ﬁzﬂ(} A

con B 255035 csin B 30sin 20° 1112

sin O sin 105° ' sin € sin 115

- 33 csin A 305450
g N e . R 1GR3 P - e - e 33 41
e s g1t () sipp 15

5 Given: A = 607 15 = 60.25°%, B = 457 30 = 45.5% b = 48
Com JRGT - BOIST - 455°% = T425° = T4T IS

BoinA 48 sin 60257
(1 T e : - w5 HA
sin # sin 45.5°

Fsim (0 48 s 74255

7
g B sin 45.5°

€ Houghion Mifflin Company. All rights reserved,
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Review Exercises for Chapter 6

529

6. Given: A = B2° 45" = §2.75°, B = I8° 45’

= 2875, b = 402

C = 180° — BL75° — 2875 = 68.5° = 68° 30/

= Bsin A 402 sin 82.775°

=3 :ZAQ
sin B sin 28.758° B2.91
bsin C  40.2 sin 68.5°
TR E T emasrs T8
. CGiven: A = 758° o =25 b =185
B EBsin4d  165sm 75
S " " =
" a 25

Ny solption

B, Givenr A = 15% g =35, b= 10

brain A _ i0sin 157
b’ 5

Cage 1 B == 313"
C = 180° ~ 15° ~ 31.2° = 133 8°

gsin € Ssin 133.8°
¢ = el e DD o 394
sin A sin 15

sin £ = e 3 5ETH =

9, Given: B = 115 0 =05 = 145

asin B Sam 115°

= 6375 =2 no triangle formed

Ho==1312%cr 148.8°

Case 20 B = 148 8°
C s 1807 — 157 — 14887 = 16.7°

asip € Ssin 16.2° .

= = ==Y

sin A sim 15°

A e 3400

sin A = A vy == {3 5625 =
s PROT - 115° - 34.2° = A08°

o, 45 .
R R e T A
€= Biam Y o “_59{4;;;} 30.8%) == %1%

1, Given: B = 150°. 2 = 64, b = 10

A asin B 64 sin 1507
o 2 10

Mo solution

1. Given: € o= 300, g = 25, ¢ = 22
asin {  25sin 50° 207660

£ i A o=
o ¢ 27 7

Case |
A = GL5°
B == 180° ~ 50° — 60.3° = £8.5°

_csinB 22(0.9367)

T anC 07660

== 06 O

= 37 =% notriangle formed

m TS ==p A = 80.5° 0r 119,57

Case 2

A== 119.5°

B o= 1807 — 507 - 11637 = 10.5°
¢ sin B

b om e = B A
sin
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12, Given: B = 25 4= 02, b=

asin B 6.2sin 25°
b 4

= 695] = A

sin A =

(kﬁ“‘;é’ f{‘ /‘§ i ,g(}{in

O 18 — 25% — 404% = 144" &

Q?iﬂ 5} Sék} Qﬁc: % ¥

H

Area = Thesin A Ares
= LU5)(8)sin 27°)

= G (8 square units

16, Ares = Sabsin O
¥

= (120074} sin 1007

== 43725 square units

18

7

C g D2RC \ e
b = « &m {"’? _ 5 ‘%‘w g s G GETE
wipy sin 247

b= hain A = bsin 287 == 4548 = 4.5 miles

19, sip 28% = o

Beowe TS sin ZRY == 3821 fees

+
A

cos 287 =
75

= T4 cos 28° = 66,27 fout

EY

o H
tan 45° = —
¥

H o= xian 45 = 6622 feet

Height of tree:r F — & = 31 feet

—anf
—_

g
[ —

14, B=80F a=dc=8

= 40.9° o 139.1°

Case 20 A~ 13917
= 180T - 25°% - 139.4° = 1597

bem € 4sin 15.9° )
= - - = - o 26{}
sin B sin 257

I8, =132 b = ¥ o= 29

i

= ne sin B

1 . o
Area = Tabsin &

= HA4}{8H0.9848) = $(79)(18) sin 122

= 1576 square unlis me 27004 square gniis

7. ko= S0tan 17 =

In triangle ABC, A = 907 — 62° = 28° B = 907 + 38° = 128°% and O = 1807 ~ A4~ B = 247,

[N
R,
H

| N

3 400
B, e

sint 37.5°
A0 sin 75

§ o e == 5347 feel
7 gn3rs

L e o W
sin 6757 = —
i

wo= 6347 s 6757 == 586.4 feet

pEay

& Foughton Mifflin Company. All rights reserved.
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&

{

Clmtven: g 186 = 1 o= 15

B ¢ g 127 415t - g
5 A = e e = (3125 e A4 == 82 HD°
CO8 4 She 51210155 G128 s A = B2 R

e ol L S Sl ¥ s
Cog s ———— =3 - : mr (1TSS son B ome 41 410
o Za 218515 SIS e Bl Al

O 100~ A~ B o= 5377

L Givens g o= My b e 12,00 16

i {X ] 9287 "

B R A LR Lt Y o D665 o J e 48510
dae 21016} DGy e O on 48051

A= R - B - O~ 3867

= (14143 = O~ 1145

_ 31 144 - 400

2(9)(12}
= 08102 = O~ 144.1° A= 180F — B — = 106°

= B 4590

e sin £
¢

B o= 180F - 14417~ 1530 = 20.6°

LGven: ¢ = 65, 8 = 102, 0 = 16

b et gt MR 4 16 - 55T .
LA e e YT mew A s 13107
Yhe 216 GO e A 1309

[ Aoam

s g LEE B 6504 16 - 107
o 2ac 206516

C o= 1800 A4~ B o 145830

m (393 e B o 29R°

@t - B 620+ 210 - 642
2o 2(6.242.1)




832 Chaprer 6 Additional Topics in Trigonometry

27, Givenr (= 85 qa= 25 b =~ 12
2= gt b B Dabcos € = 287 4+ 127 — ISHIT) cos 657 = 5154290 =» ¢ = 2270

asin € 255 65°
sin A4 = = = JUO98 = 4 = BHIES
$i 5 7570 3 o &6

Bo= 180° - A& — U= 28.62°

28, Given: B =48 o= 18,0 = 12

csin B [2sin 48‘
A= LBOF — B~ (= 0010

s (LE6666F = C = 41.81°

g £ =

{Apswers may vary)

B, Given: B = W a=4,0=4
o= gd 4 e? = Jarcos Bo= 16 4 16 - 204N 4 cos 110} =~ 4294 = b = §55

asin B 4sin 3113

== (5739 = A =~ 357
fs 655

sin A

=g =y 0= A == 357

3, Given: B = 150° g = 14, ¢ = 20
BE = g% + pf - Zaccos B e 100 + 400 — 400(—08660 Y & 8464 = b = 2909
_csinB20{0.5)
b 7909

_ asin B (0.5
S A E T e
& AR

== {}3437 == £ = 201"

3k, Given: B = 353°307 = 355° a4 = 124, ¢ = 185
p

poe gt ot — Jaecos B o= 1247 4+ 1852 — 2324018 8 cos 55.5% = 236, 1428 =2 b= 1537

. asin B 124sin 555 N
sin A = A - = (665 = A == 41687 = 41741
b 15.37

32, Given: B = 83915 = 85.25% a =242, ¢ = 187
B ogt 4 0 — Jaccons B o= 242 4 28727 — 2(24.2M28.2) cos B5.23° = 1267 8567 = b =~ 35.6]

asin B 242 sin 85.25°
b 35.61

C= 180° ~ A~ B = 5112~ 52°7°

me 0677 = A = 42.63° ~ 42° 38

sin A =

33, g0 = 52 4+ 8% — 2{SHRicos 1527 = 1596 = g~ 126311 ’ 2

l 4 - 2(5)8 : ) S e 4
p= 5w 82— 2(5)(8) cos 28° = 1836 = b =~ 4.285 ft - A

© Houghton Mifflin Company. Al rights reserved.
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Review Exercises for Chapter 6 B33

34, o7 = 157 200 - 2153020 coslias 112242 = a = 335m - i

Bho= 157 4 2 — ZOESHIO cos(B34®) = 12788 = b= 13 3 m

3%, Angle betwesn planes i 5% + 67° = 72° g

I pweo howrs, distances from airport are 850 mules and 1060 miles.

By the Law of Cosines,

d® = BEGT A TO60T — Z(RS0M 10607 cos{T2") = 1,289,251.37

36, b7 =t b o - Jaecos B ¥oa=4 b=235 =7

= 300% + 4250 — 20300){425) cosl 180° — 657 atbtc 44547

[
ot

= 3TH 397 .66 &
Area = sty — ajls — By — o)

= G 7GR gauare pnits

3B, o= 15 b =8 = [} 3 oa0=648 5 =480, 0= 24}
154+ 8410 _ g b b Ao HAE 4972 4

4 o -

== 3098 squsre units = J6G08(4 351 10 85144 .95)

= 5117 sguare units

46, 5 = i iinlll MEIT gy gy 41. Initial poine (— 3. 4)

— i : Terminal point: {2, ~ 1}

= 137466 HE OTHG 44)

= 15,4 square unils

42. Initial poines {0, 1) 43. Ininal poins (L £0)

Termingd point: 16, 4] Termminal podnty (7, 3
Ay Iy L

=6 i =063 v (703 - 10) = (7. =)

+

44, Inial poine (1,5} 45 Hoos 120% 4 Bein 12079 = { — 4, 4.3)
Terrninal point: (15, 9}

v {15~ 1LY - 5= (14,4

/4

i o
46. (” cos 2257, s 2257 )

Y L.




53 Chaprer 6 Additional Topics in Trigonometry

47. 2u 48, —iv 49, 2u + v

4 e
s o
B oun - 2v Ei.ow — 2w 52,0y~ du
l::+2%f
@ %:, L\‘ B s 12'? }
y /»”f i . ,,/‘ e
- . L
i
B fmyudb v = (-1, -3+ {36 ={(-43 54, fayw b ow o= (4,8 + {0, ~1) = {4,4)
by w— v = (2 —G by u —v = {46
oy 3uo= {3 —% (e} Jw = {12, 15}
(dy v+ Sm o= (=6 125 4+ (=5 =15 = {~1],~%) (dy 2w + Sm o= (0, 2y + (20.25) = (20,23
B85, (mym+wv= {52+ 4.4 = {16 56, (gy v+ v ow (4, -8+ 3, -0 = {4, -1
By — v ={~% ~2) (Brwe—vwv={(1 -6
(¢} 3u = (~15,6) (c) 3u = (3, ~24)
(dy Zv + Su o= (8 8) + (=75 10) = {~17, 18} (d) 2v + Su = (6, —4) + (5, —40) = {11, —44)
ST (wyw b v = {2 1)+ 8, = (1. 58 (a) w4 v =0, ~6) + (L1 = (1, —5) g
By a~ v ={~3 ~4) (byw—v= (1 ~7) %
() 3u = (6, —3) (¢} 3u = (0, —18) ?;
(dy v + Su = (10,63 + (10, ~35) = (20, 1) () 2v + Su = (2,2) 4 (0, - 30y = (2, —28) g
.
]
89, (a) uw+ v o= {4,0) + {~1.6) = {36 G () u v = (7, =3 b -1 = (-8, -4 §
e~ v = (5 -6 byu—v=1{1} —2) £
(c) 3u = (12,0 (e} 3u = (=21, ~9) é
(dy 2v + 5w = (=20 123 + (20,00 = (8, 12 () 2v + Su = (B, ~2) + (=35, ~15) = (=27, 1T} B
£
@
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Heview Exercisey for Chaprer 6 83%

&1,

63 w = du + 5v o= 461~ 5§ F 50101+ 3§

65, |

&%,

Jvo= MG+ 3 = 30+ 8 = (309

= 741~ 5

o ¥

T R T
B e

v .
ey, -2y =

nn veotor -
25

v o= 10§ + 10§

ot —

W= ST T

1

(10F = J200 = 102

62, v = 10+ 3

64, 3¢~ Zu = 310k + 3 - 2068 ~ 55 = 181 + 19

66, [vf = (=127 + (5P = /169 = 13

: - 12
LIt vecton { -

tan @ = e o b f o= 1357 gince vois in Quadeant [

16

v = 10/ 20cos 135°1 + sin 13570




83  Chaprer 6 Additioral Topics in Trigonometry
73 u = 15[(cos 2070 + (sin 20°)] V4. w = 12{{cos §2°% + (sin 82°]
v = ifeos 63%% + {sin 63°)}] v = §{cosl— 12°7H + Gin(— 12703
w + v o= 331757 + 22.9504] - v o G495 + 102199

76.

7.

b + vl = 3262

== f e 44 T2¢

e
fl

250{cos 60°, sin 607

= 100{cos 150°, sin 1507

200¢cos( —90%, sinl —90°1)

F=F +F, + F, = (3839746, 66.50635)

6650635 N
tan § = 3% 30776 = == Of

IRl = /38307467 + 66.506357 = 768 pounds

B T
M =]
i !

Force Oner w = 851
Force Twor v = 50 cos 15 -+ 50 sin 157§
Resultant Force:

u -+ v o= {85 + 50 cos 1550 + (50 sin 157§

s + ¥l = (85 + 50cos 15°F + (50 sin 15°)°

= JRE e B80 cos 150 4+ 50F

If

13392 1

563 sip 157

fu +

= 1395

16.2199
fan f = o == = 47117
9,495
BT el 1388
6bi H
g r
Ly f
2 A
“?““-%«m ;n ;:‘;«‘% )

tan § = e ——————— = == 55" from the 85-pound force.

B% + 30cos 15

o A
F

Rope One: v = [jul{cos 30°% — sin 30°) = ];u[!(méﬁl - ?j)

Y

Rope Two: v = Jaff{ —cos 30% — sin 30%) = |§nif(

%

Resultant: v+ v = —lolj = — 1804

ol = 180

"\

Ladt
-

e

Therefore, the enston on each rope is [ipl = 180 pounds.

© Houghton Miffin Cormpany. All rights reserved.
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Keview Exercises for Chapter &

78. By symmetry, the magnitudes of the tensions are egual

T = [THcos 1207 + sin 12008

1T sin 120° = 200} == [¥] =

Th. Alrplane velocity: o = 430{cos 315° sin 315%)
Wind velocity: w = 35{cos 60°, an 60%
o+ ow == (321 8559, — 27374560

ba + wil = 4223 mph

tanfe 4+ w) = -

87, dig v =

89, w o= (2.2

= o L6050

&1, BN "T—" + gi
i} [N P

Wind: w = 37

i

T E {or 3217 in airplane navigation)

B o oow o= (-

88, w -

BE. tm -

Sihow o= (3 1), v = (4,5

T mon B oss 3D GO

92, Angle = 45% 4 607 = j05°



538 Chapter 6 Additional Topics in Trigonometry
wew
93. cos 6= 7 ! 94, 13C0°
o] il o
¥
=0 = §= 90" ! N
e . 4
— M 3 4
-4 -4 —2—14. LA S iy &
s :.:‘//:1'.1
[ S Sy o4 o6 &
b R AR
wl
. TG — 15
95 cos = i = e 96. 54.1°
vl /74108
~ (617 A
= § o 5227 9l
¥ I+
& Th e o -_ﬁ__ v i
el o
- W.vf“j" My P
ak
it - *
@7, w = (39, 120 v = (— 26, 8)
weov o= 390=26) + (— 12)(8)
= 1110 ¥ 0 == wand v e not orthogonal.
¥ o= mzzzi == @ and v are parallel
Of, ooy = (8, -4 {5,107 = 40 ~ 40 = O == orthogonal
98, g = (8, 5 v = {;2,4}
@ v o= B(—7) + (5)(4)
= 4 % (0 == wand v are not orthogonal,
g kv = uand v are ot paraliel
Meither
100, — v = —3020, —68) = {—15,51) = u => paralle]
0L (L k) - (L2 =1~ 2k =0 = k=1 02 2D (=1, ~k==2~k=0= k= -2
P03k, -1y {2, -2y = 2k 250 =% k= ] 104, b, -2y {14y =k~ B=0 = k=238

© Houghton Mifflin Company. All rights resarved,
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Eeview Exercises for Chapter ¢

539

165,

167,

189,

Fi3

w={—43 v={-% -2 W6 w = (5, 6), v = (10,0

X TR (2(:%“; . . 13 . (u W 50
e —_— {w 3 e = e, T meemnnraen =
L8 ( jv s/t g 25 i’ff'{és 1y DEoY, i \ # E!’* }v m{}{ii}, ) (5, 0%

= (5,00 + (0, 6)

= (.__5‘_'% IENRA L 64>

w= (2,7 = (0, 1) 108 v = (~3,5.Lv={~-52

]

rop g = lf&lﬁ)gz = -:E( TP L. {_f L2 51}
PO TARE S T Y T T Ty
~ - 55V _[99 125 504 /38 95)
— m (Y R I/..“k:i L e L o iee Uy fan B
u — proju = (2.7) \ o 'Zi <2Q 2> w < 555/ (29 QC})

48 inches = 4 feet 1160 Force = 500 an 12%= 104 lbs
Work = 18000{4} = 72,0800 - th

g, [ -------- gg = | Imeginary P12, fS{g = 5 tragitary
His [ e
amis
(2 >
* H
£ Z
; Stepd U s
P s ook Fead
i i : s & ¢ ews
kS
—% £

_— N oo

- o Gy o 3\;’/?{3

It
(\.
~3
I
-+
|
L
b
2
i
~J
Lo
ezt
.
o
L
+
D
f
f\.
|
4

[7 — 57

i

Tawmpiaary bneaginary
anEy ERE
- G 3
& G
. o
i R ¢ N
: EEey T
26 F in oL
- L
- s
w v
8§ - - )
s
s Ly, Btat

[ T T /3w Ao
y "  gir - =7 W ey S gttt
1 g PN 2\1,05 P L p }

)

H
it

£
)

A

i)

&
+

-

N

l

&
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Additional Topics in Trigonometry

119

121,

iz,

123

P24,

i24.

; -
/ Tar . Tary
p o ?;{ CO8 ""g - gin *}

" X EE
p = 2cos b isinT
P 2

20(cos 320° + isin 320%)
Sleps 8P + § gin 80%)

3 i 4 { ‘vﬁﬁ i \l w i{}
4 3

T i o iz ot
_ CQS{T + i“} + il o+ % = G
. Nl N A

A
g
—

EE

cos o - 5in
s

T

= 4foos 240° + §sin 240°]

ooy e b fsin
3

iw. bWl
L cos — + Fsin

4.

ggcx}g{z%{}“’ - G5+ sind 2307 — 957 = ”;g‘i_t:e}s; 135°% + f5in 135%)

) . o~ Ty
(a) 2 - 2i=2V ,2{ cos ==

. .ol L
38 3w 3/ cos T ign 7

By 7 ,”7:” Z?f b F ey
§ 23 VW E-.L{h 4 £ AE )

%

ey (2 = 2003 + 3} = 6+

e e w
a) 4 + 4i = 4.2 cos— + isin--
() 1 [ cos L s i

, ) e S

e P = \:"PZAV\C(}S *g"

' 7" Comy

(b} 4 J’E{ cos — -+ 7 SiR E)
5 >

i

\fff":{ COos

+ s

&

wJ

6= 12

i
S

L
+ g ]
i) /

+ f sig } =
‘fQ /

(@ +aid—1~ = —4-4i—ai+4= —8

S S g(

3 R
cos b sn T

3

P wo T o
}3V’2{/c<’;5‘,‘w-- + z&;mij w= 1 2eos 2w + isin B} = 12
‘ 4 4

) =

f
/ Sar Sary
1 i

.

Bi
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Review Exercises for Chapier §

543

3 EEr
127, (&) —i = cos-jz + :amwf:
i 2

b o= 2-\}/5(@;393 + ggmg}'
% 4 4

. 3 73 Fary
{b) /ws e + isin 3—)2‘/12(@% 1 i gm g/; = 2\/;2{1303 4: + {ain —;:j
s / IEa
------- 2 2
= sz( ML i{ ;:L)E
V2 2 j
=7 - %
{0y i+ 2y = -2+ 2 =023
7 ar'y
28, (&) 4§ = &(c@: w4 f i —
/ ATy
f Ty Ly
o f o S S M B - !._.w
i =2 s Ve fgm i
i {cm( Y iy E 4)}
/ b i V / l\ y o ] .e\‘!f
by 4(\{:0&%{ +f sin -g)-&/ﬁ(\c%%f z} + iginé‘—g;f} = 4\/2(“,@&5 o+ mm-:jf
S o
= 4J§(/3~/-«—?- + 5
L2 2
=4+ 4
)4l — =i+ 4 =4+ 4
?'37 fu
129, (a) 3 — 3 = m;(cm - *isin -~~}
2o I zv@(msﬁ + ism-?j)
o4 -y
T Tars
Rf{m% ry Tiem ?J} T% g 3
{h) : cos - + fgin— 1
?\/-fﬁ,@%f{ -+ §sin f) 2 ! 2/
4 4
L 3
fe E?:{_ij = —:;l
R I A - ’?z} 5 — iﬁz—é 12i 3.
() . = e
242 (2 -2 & 8 2
138, )y 1~ i = \/§(msi + § gin — i }
) 4 4
o z S
—2 = =3 -{QOS T + fgin w]
el Bl 2 i
{h) TR gé;zzica}s G4 ism ) = 5
R —1 = 1
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{ ke w7 1 £ jf Ao ”ﬁ/ﬁ“\i
08 T § “r}i‘.ﬁ - P Rl SN E B
PR i2/] 2 )
A Ay
= 625 cos — -+ { an j
S F; b

e G
b Esin 3657

eos 56.%°

L0 w6 33T Y 4+ i sin 3’%*‘?@»,§

s PRROYTES - 057651

e 3RS - BER

136600

= — (336640

EA660/

UV -3 T S S Ay
sz F 2 iws — + igin— |
i 1 3

134, (1~ = |V Deos 315

= 16{cos 25200 + fain 25205

= hlcos 67 + isin )
[£5]

Souare rools:

~ tim ey
Z{memi R el

L 5 5 1.3660 + 0366404

} 13660 — 036607

ol Tar o Twy
’%gwa R

@ Foughton Mitilin Comparny. All dghts resarved.
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Review Exercises for Chapter 6

543

i3, -2

— = z\/ﬁ'{mﬁg +

Sguare roots:

73 B4

23/4 c

141, (a)

oy 2 4 %;gz —(0.7765 + 28987, —2.898 + (.TT654, —

142, {a)

foy 3.696 + L1531, ~ 1531 -+ 36960, ~3.696 — 15314 1.531 — 3.696:

( Sar S
P oos - b sin - | s e
b g % )

[ 13w I3
(eesTy

Sixeh roms of — 7290 =

Jm(

Aeos— 4+ {sin ‘-)
Vo4 4

23w 2%
3. con -~ s “mw}

Iz 12
3./ 3

Z

Fourth roots of 2361 = 25{3(

. 5??}
i sin—

79 (

3w/2) o+ k|
&

4

06436 -+ 15538

I mmwéw} 0.6436 ~ 155387

€%f’/2}

Zié'n"}

Ty
cas — + fsip — 1
2

] (/2 + Zhw
i/ 256{ s:a»s(mI ! , e

T it
Hoos— + fgm—1
giw 8 R ] g}

<
',

Sar %
4(&35‘: = 7 gl |
4( i N Q:}"’}”‘L

\CGS . i sin Y i

13 P30

4((:(}5;— g
: g : )

w2y + 2k
b3 $3]

4

Fa .
40, —2 + 2= 2./ E{Lm 5 + r&,m-z—/
Sguare roots:

ol 3w
23/4_ ey e e
(\.u}@ z

i %H’E .

Sf

Jarh,

== (36436 + 1.55838

. 5K o . ,
Ev”"’{ws—;zz 4 ;:ggzzwgf ) = - () 5436 ~ 15538

e

Ay 4o
o8 + fsin e b
2 > )

)fcw{}EZ”%

32
2

E=41,2,34,5

{b)

{b)

Iospisary
EEE

Enagireay
wxis

e UTTER - ZESEL 2898 - (L7765
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143, {3) Cuberoos of 8 = 8loos 0 + fsin Of by

S8 cos o312
Heos O 4 {sin O) . Ran
A%iy
/ D o
Zheos T 4 sin :
\ % i A / : ¥ L
/ }‘_,“ A
Z? Co% i sin —- }
L
€y 2, -1+ J3i ~1 - J3
144, {a) Fifth roots of — 1024 = 1{¥d{cos % + {sin ok {3 fuaginry
ERIG
----- far 4 Zark’ for 0 2akNY
“T{}Zti(m«:z 4 ;{ML} + m;k ;'"“‘Tf“""““))s b=0,1,2,34
B 3 / 3
Faral
axis

{cy 3236 &£ 2354, —1.236 + 3804 -4

¥ = 054 = 2R6{cos v 4 sin )
[/"T=27T;<l ,.(H“‘%'Z"}"j‘
+ rsm

; + f jip] } k=0,1,2.3
L L 4 ; L 4 f ]

T N
- l‘} £ i
4.7 _
e P=007 - 20
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Review Exercises for Chapter 6

548

146, x% = 32 = 3-2(00&‘;{ - fsm—;—r)

2 o 2kt v/ b T
5 32{ ms;( Tz{“*"%%“““** |+ fsm(f-«/_—mgm—i)}, E=0.1,234

s k23

2(___4“,&. Ty
:\(‘«QQE §REn ff}j

147.
- i

3 gt
—8f = 8/c03 R - §in mﬁ)
Z 2

1
i.
“

T Gw/) ok |

Trnaglpary

Vg = SE cog - A - sin

2‘%033 + Ménf} =2
Vg T

Tor k= :
ooy e + ismw} wn
( & &

i H?}

148, x* = —~81 = 8i{cos 7 + fsin 7
51l o T 2K r 4+ 2k
/%1 {mg i;‘g_jf + Sgﬁﬂ..:_f ; L

‘»‘c( LA
SECOsS T ot sin
g 4)

w3y
BT S Bl
4/

CLL Smy
A0 Bl ol ) § y
PRI G

Ty
- b fsin ———}f

4/

RETE
4
.
; 1 faad
2 [ 5 axis
(3ar/2) + 2wk} .
‘ ks 001 2
3
Irnginary

axis

={ 133
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Chapter 6 Additional Topics in Trigonometry

154,

Trae 154, False. There may be no solution, one solution, of
two solutions.

Length and direction characierize vectors in plane. I22. A and U appesr equivalent,

- B 4+ sinlar o~ 81
= dleag 8+ fsin G —ros &+ [sin &)
s 4l-cost @ - ain® §ow —4

e Heos 8+ §osin &

2y © Heos{m o~ 6 + i sinlr — 61

cos - Lsin 8 e &~ jsin #

s B fsin # -cos § o [sin
= enst § b osint B - 2osin 8 oos 8

= {ops § 4 Fsin #°

fay Three roots are not shown.

(5} The modulus of cach is 2, and the srguments are 120°, 2107 and 300°
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Fraciice Test for Chaprer 6 887

Chapter 6 Practice Test

For Exercises 1 and I, use the Law of Sines o Had the remaining sides and
angles of the trisngle.

A =40 B =127 b= 100 2o O = 18P, g=5 ¢= 2
3 Find the mres of the mangle: a = 3, b= 6, = 130
4., Determmne the number of solutions to the wiangle: o = 10, b = 35, 4 = 12.5°

For Exercises 5 and 6, use the Law of Cosines o find the remaining sides and
angles of the triangle.

hoa=4% b= 83 o= 38 & o= 29 g o= 100, & o= 300
7. Use Heron's Formula 1o find the arca of the triangle: a = 4.1, b = 68, ¢ = 5.5,

8. A ship travels 44 miles due east, then adjusts its course 12° southward. After raveling
0 mnes i that dircction, bow {ar is the shin from its poim of departure?

1, Find g unit vector in the direction of v = 51 ~ 3

1t Find the dot product and the angle hevween uw = 68 -+ Sjand v
i b M

82, v 1s a vector of magnitude 4 making an angle of 307 with the positive v-axjs.

Figed v in component form.

13, Find the projection of o oo v

14, Give the wigonometric form ol z = § — 54

1%, Give the standard form of ¢ = 6{eos 225° + fsin 2257

-

L6, Multiply {7 (cos 23% + §sin 23 [ d{oos 7%+ sin 771

/ S .’37?”\‘}

+ [ sig -

Y. Drvide —- S 18, Find (2 + 208
Beos b sin o)

I 20, Find all the sohstions 1o 2% 4+ { = {1

Lo | 5

ol T
1%, Find the cube roots of 8{ cos = + isin
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